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RECTIFIER INDEX CROSS-REFERENCE 


Motorola 


Motorola Motorola 


| Motorola | 
Industry Direct Similar Industry Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 


1M353 
1N253 
1N254 
1N255 © 
1N256 - 
1N316,A 
1N317,A 
1N318,A 
1N319,A 
1N320,A 


1N321,A 


1N323,A 
1N324,A 
1N325,A 
1N326,A 
1N327,A 
1N328,A 
1N329,A 
1N332 


1N333 
1N334 
1N335 
1N336 
1N337 
1N338 
1N339 
1N340 
1N341 
1N342 


1N343 
1N344 
1N345 
1N346 
1N347 
1N348 
1N349 
1N350 
1N351 
1N352 


1N354 

1N355 

1N359,A 
1N360,A 
1N361,A 
1N362,A 
1N363,A 
1N364,A 
1N365,A 
1N440,B 


1N441,B 

1N442,B 
~1N443,B 
1N444,B 
1N445,B 
1N530 
1N531 
1N532 
1N533 
1N534 


1N322,A | 


1N1204B 
1N1200B 
1N1202B 
1N1204B 
1N1206B 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 


1N4007 
1N4007 
1N4001 
1N4002 
1N4003 
1N4004 
1N4006 
1N4007 
1N4007 
1N1204B 


1N1204B 
1N1204B 
1N1204B 
1N1202B 
1N1202B 


| 1N1200B 


1N1200B 
1N1200B 
1N1204B 
1N1204B 


1N1204B 
1N1204B 
1N1202B 


| 1N1202B 


1N1200B 
1N1200B 
1N1200B 
1N1200B 
1N1202B 
1N1204B 


1N1206B 
1N1206B 
1N4001 
1N4002 
1N4003 
1N4004 
1N4006 
1N4007 
1N4007 
1N4002 


1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4002 
1N4003 
1N4004 
1N4004 


| 1N4005 


1N535 
-1N536 
-1N537 
1N538 
1N539 
1N540 
1N547 
1N560 
| |. 1N561 
1N562 


1N563 
1N596 
1N597 
1N598 
1N599,A 
1N600,A 
1N601,A 
1N602,A 
| 1N603,4 
1N604,A 


1N605,A 
| 1N606,A 
1N607,A 
1N608,A 
1N609,A 
1N610,A 
1N611,A 
1N612,A 
1N613,A 
1N614,A 


1N1095 
1N1096 
| 1N1100 
1N1101 
| | 1N1102 
| | 1N1103 
| 1N1104 
1N1105 
1N1115 
1N1116 


1N1117 
1N1118 
| 1N1119 
1N1120 
1N1124,A 
1N1125,A 
1N1126,A 
1N1127,A 
1N1128,A 
1N1169,A 


1N1183* 
1N1183A* 
1N1184* 
1N1184A* 


1N1186A* 
1N1188* 
1N1188A* 
1N1190* 
~1N1190A* 


1N1186* | 


1N4005 
1N4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4006 
1N4007 
MR1128 


MR1130 
1N4005 
1N4006 
1N4007 
1N4001 
1N4002 
1N4003 
1N4003 
| 1N4004 


1N4005 

1N4005 

1N1199B 
1N1200B 
1N1202B 
1N1202B 
1N1204B 
1N1204B 
1N1206B 
1N1206B 


1N4005 
1N4005 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4006 
1N1200B 
1N1202B 


1N1204B 
1N1204B 
1N1206B 
1N1206B 
MR1122 
MR1124 
MR1124 
MR1126 
MR1126 
1N4004 


1N1183 
1N1183A 
1N1184 
1N1184A 
1N1186 
1N1186A 
1N1188 
1N1188A 
1N1190 
1N1190A 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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: Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement 


Motorola | Motorola 
Direct Similar 
Replacement 


Replacement 


1N1199 
1N1199A 
1N1199B 
1N1199C 
1N1200* 
1N1200A* 
1N1200B* 
1N1202* 
1N1202A* 
1N1202B* 


1N1204* 
1N1204A 
-1N1204B 
1N1206 
1N1206A 
1N1206B 
1N1206C 
1N1217,A,B 
1N1218,A,B 
1N1219,A,B 


1N1220,A,B 
1N1221,A,B 
1N1222,A,B 
1N1223,A,B 
1N1224,A,B 
| 1N1225,A,B 
1N1226,A,B 
1N1227,A,B 
1N1228,A,B 
1N1229,A,B 


1N1230,A,B 
1N1231,A,B 
1N1232,A,B 
1N1233,A,B 
1N1234,A,B 
1N1235,A,B 
1N1236,A,B 
1N1251 
1N1252 
.1N1253 


1N1254 
1N1255,A 
1N1256 
1N1257 
1N1258 
1N1259 
1N1260 
1N1261 
1N1301 
1N1302 


1N1304 
1N1306 
1N1341,AB 
1N1342,AB 
1N1343,AB 
1N1344,AB 
1N1345,AB 
1N1346,AB 
1N1347,AB 
1N1348,AB 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N1199 

1N1199A 
1N1199B 
1N1199C 
1N1200 

1N1200A 
1N1200B 
1N1202 

1N1202A 
1N1202B 


1N1204 

1N1204A 
1N1204B 
1N1206 

1N1206A 
1N1206B 
1N1206C 


1N4001 
1N4002 
1N4003 


1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4006 
1N1199B 
1N1200B 
1N1202B 


1N1202B 
1N1204B 
1N1204B 
1N1206B 
1N1206B 
MR1128 
MR1128 
1N4001 
1N4002 


1N4003 


1N4004 
1N4004 
1N4005 
1N4005 


1N4006 
1N4006 
1N4007 
1N4007 
1N1183A 
1N1184A 


1N1186A 

1N1188A 

MR1120,1N1199B 
MR1121,1N1200B 
MR1122,1N1202B 
MR1122,1N1202B 
MR1124,1N1204B 
MR1124,1N1204B 
MR1126,1N1206B 
MR1126, 1N1206B 
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1N1434 
1N1435 
1N1436 
1N1437 
1N1438 


1N1443,A,B 
1N1444,A,B 


1N1486 
1N1487 
1N1488 


1N1489 
1N1490 
1N1491 
1N1492 
1N1537 
1N1538 
1N1539 
1N1540 
1N1541 
1N1542 


1N1543 
1N1544 
1N1551 
1N1552 
1N1553 
1N1554 
1N1555 
1N1556 
1N1557 
1N1558 


1N1559 
1N1560 
1N1581 
1N1582 
1N1583 
1N1584 
1N1585 
1N1586 
1N1587 
1N1612 


1N1613 


1N1614 


1N1615 
1N1616 
1N1644 
1N1645 
1N1646 
1N1647 
1N1648 
1N1649 


1N1650 
1N1651 
1N1652 
1N1653 
1N1692 
1N1693 
1N1694 


-1N1695 


1N1696 
1N1697 


1N1183A 
1N1184A 
1N1186A 
1N1188A 
1N1190A 
1N4007 
MR1130 
1N4005 
1N4002 
1N4003 


1N4004 
1N4004 
1N4005 
1N4005 
1N1199B 
1N1200B 
1N1202B 
1N1202B 
1N1204B 
1N1204B 


1N1206B 
1N1206B 
1N1200B 
1N1202B 
1N1204B 
1N1204B 
1N1206B 
1N4002 


~1N4003 


1N4004 


1N4004 

1N4005 

1N1199B 
1N1200B 
1N1202B 
1N1204B 
1N1204B 
1N1206B 
1N1206B 


MR1120,1N1199 
MR1121,1N1200 


~MR1122,1N1202 


MR1124,1N1204 
MR1126,1N1206 


1N4001 
1N4003 
1N4003 
1N4004 
1N4004 
1N4004 


1N4004 
1N4005 
1N4005 
1N4005 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola 


, Motorola | — Motorola — 
industry - Direct | — Similar Industry Direct Similar 
‘Part Number — Replacement Replacement Part Number Replacement | Replacement 


1N1701 1N4001 | 1N2086 1N4005 
1N1702 | 1N4002 1N2103 1N4001 
~1N1703 1N4003 1N2104 1N4002 
1N1704 1N4004 —1N2105 1N4003 
1N1705 1N4004 1N2106 1N4004 
_ 1N1706 1N4005 | 1N2107 1N4004 
1N1707 1N4001 1N2108 1N4005 
1N1708 1N4002 1N2116 1N4004 
1N1709 1N4003 1N2117 1N4006 
-1N1710 1N4004 1N2154 1N1183 
1N1711 1N4004 1N2155 1N1184 
1N1712 1N4005 || 1N2156 1N1186 
1N1763 1N4004 | 1N2157 1N1188 
1N1764 1N4005 1N2158 1N1188: 
1N1907 1N4001 1N2159 1N1190 
1N1908 1N4002 } 1N2160 1 1N1190 
1N1909 1N4003 1N2216 1N1199B 
1N1910 1N4004 1N2218 1N1206B 
1N1911 1N4004 1N2220 1N1206B 
1N1912 1N4005 1N2222.A MR1128 
1N1913 1N4005 1N2224,A MR1130 
1N1914 1N4006 1N2226,A SPECIAL 
1N1915 1N4006 1N2228.A 1N1199B 
1N1916 1N4007 1N2230,A 1N1202B 
1N2013 1N4001 1N2232.A 1N1204B 
1N2014 1N4002 1N2234,A 1N1204B 
1N2015 1N4003 1N2236,A 1N1206B 
1N2016 1N4003 1N2238,A 1N1206B 
1N2017 1N4004 1N2240,A MR1128 
1N2018 1N4004 1N2242.A MR1130 | 
1N2019 1N4004 1N2244,A SPECIAL 
1N2020 | 1N4004 1N2246A 1N1199B 
1N2021 1N1186 1N2248A 1N1200B 
1N2022 1N1188 1N2250A 1 1N1202B 
1N2023 1N1188 1N2252A 1N1204B 
1N2024 1N1188 1N2254A 1N1204B 
| 1N2025 1N1188 1N2256A 1N1206B 
1N2026 1N1199B 1N2258A 1N1206B 
1N2027 1N1202B 1N2260A MR1128 
1N2028 1N1204B 1N2262A MR1130 
1N2029 1N1204B 1N2266 | 1N1199B 
1N2030 1N1206B 1N2268 1N1206B 
1N2031 1N1206B 1N2270 1N1206B 
1N2069,A 1N4003 1N2282 1N1188 
1N2070,A 1N4004 1N2283 1N1188 
1N2071,A © | 1N4005 1N2284 | 1N1190 
1N2072 1N4001 4N2285 1N1190 
1N2073 -1N4002 1N2286 1N3766 
1N2074 1N4003 1N2287 1N3768 
1N2075 1N4003 1N2348 MR1120 
1N2076 1N4004 1N2349 MR1121 
1N2077 1N4004 1N2350 MR1122 
1N2078 1N4004 -1N2446 1N1183 
1N2079 1N4005 -1N2447 1N1184 
~ 1N2080 1N4001 1N2448 1N1186 
1N2081 1N4002 1N2449 1N1186 
1N2082 1N4003 1N2450 1N1188 
1N2083 1N4004 Td 1N2451 1N1188 
1N2084 | 1N4004 ? | 1N2452 1N1188 
1N2085 ee 1N4005 - || 1N2453 


_1N1188 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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RECTIFIER INDEX CROSS-REFERENCE (Continued) 


_ Motorola Motorola Motorola - Motorola 
Industry Direct Similar industry Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 


1N2454 
1N2455 
1N2456 
1N2457 
1N2458 
1N2459 
1N2460 
1N2461 
1N2462 
1N2463 


1N2464 
1N2465 
1N2466 
1N2467 
1N2468 
1N2469 
1N2482 
1N2483 
1N2484 
1N2485 


1N2486 
1N2487 
1N2488 
1N2489 
1N2491 
1N2492 
1N2493 
1N2494 
1N2495 
1N2496 


1N2497 
1N2501 
1N2502 
1N2505 
1N2506 
1N2512 
1N2513 
-1N2514 
1N2515 
1N2516 


1N2517 
—1N2609 
1N2610 
-1N2611 
1N2612 
1N2613 


1N2615 
1N2616 
1N2617 


1N2786 
1N2787 
1N2788 
1N2789 
1N2858,A 
1N2859,A 
1N2860,A 
1N2861,A 
1N2862,A 
1N2863,A 


1N2614 © 


1N1190 
1N1190 
1N3766 
1N3766 
1N1183 
1N1184 
1N1186 
1N1186 
1N1188 
1N1188 


1N1188 
1N1188 
1N1190 
1N1190 
1N3766 
1N3766 
1N4003 
1N4004 
1N4005 
1N5393 


1N5395 
1N5395 
1N5397 
1N5397 


1N1200B 
1N1202B 
1N1204B 
1N1204B 
1N1206B 


1N1206B 
1N4006 
1N4007 
1N4006 
1N4007 
1N1200B 
1N1202B 
1N1204B 
1N1204B 
1N1206B 


1N1206B 
1N4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4007 


1N1186 
1N1188 
1N1186 
1N1188 
1N5391 
| 1N5392 

1N5393 
1N5395 
1N5395 
1N5397 


1N1199B 


1N2864,A 
1N2865 
1N3072 
1N3073 
1N3074 
1N3075 
1N3076 
1N3077 
1N3078 
1N3079 


1N3080 
1N3081 
1N3082 
1N3083 
1N3084 
1N3106 
_1N3189 
1N3190 
1N3191 
1N3192 


1N3193 
1N3194 
1N3195 
1N3196 
1N3208 
1N3209 
1N3210 
1N3212 
1N3214 
1N3253 


1N3254 
1N3255 
1N3256 
1N3486 
| 1N3491 
1N3492 
1N3493 
1N3495 
1N3563 
1N3569 


1N3570 
1N3571 
1N3572 
1N3573 
1N3574 
1N3611 
1N3612 
1N3613 
1N3614 
1N3615 


1N3616 
1N3617 
1N3618 
1N3619 
1N3620 
1N3621 
1N3622 
1N3623 
1N3624 
1N3639 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-5 


1N5397 
1N4007 
1N4001 
1N4002 
1N4003 
1N4003. 
1N4004 
1N4004 
1N4004 
1N4004 


1N4005 
1N4005 
1N5393 
1N5395 
1N5397 
1N4006 
1N4003 
1N4004 
1N4005 
SPECIAL 


1N4003 
1N4004 
1N4005 
1N4006 


1N3208 
1N3209 
1N3210 
1N3212 
1N3214 


1N4003 


1N4004 
1N4005 
1N4006 
1N4007 


1N3491 
1N3492 
1N3493 
1N3495 


1N4007 
MR1121 


MR1122 
MR1124 
MR1124 
MR1126 
MR1126 
1N4003 
1N4004 
1N4005 
1N4006 
MR1120 


-MR1121 
-MR1122 — 
MR1122 
MR1124 
MR1124 
MR1126 
MR1126 
MR1128 
MR1130 
1N5393 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


.o8 Motorola | | 
‘Similar - | 
‘| Replacement | Page # 


. 1N3640 
: 1N3641 
1N3642 
. 1N3649 
' 1N3650 
1N3659 
1N3660 
1N3661 
1N3663 
1N3670,A 


1N3671,A 
1N3672,A 
1N3673,A 
1N3766 
1N3768 
1N3866 
1N3867 
1N3868 
1N3869 
1N3879 


~1N3879A 
1N3880 
1N3880A 
1N3881 
1N3881A 
1N3883 
1N3883A 
| 1N3889 
1N3889A 
1N3890 


1N3890A 
1N3891 
1N3891A 
13893 
1N3893A 
1N3898 
1N3899 
1N3900 
1N3901 
1N3903 


1N3909 
1N3910 
1N3911 
1N3913 
1N3924 
~1N3938 
- 1N3939 
-1N3940 
1N3981 
1N3982 


1N3983 
1N3987 
1N3989 
1N4001 
1N4002 


1N4004 
1N4005 
1N4006 

~1N4007- 


1N4003 — 


1N5395 
1N5397 
1N5398 


a MR1128 
1N3659 
1N3660 
1N3661 
1N3663 


MR1128 


MR1128 
MR1130 


1N3766 
1N3768 


1N4003 
1N4004 
1N4005 
1N4007 


1N3879 


1N3879A 
1N3880 
1N3880A 
1N3881 
1N3881A 
1N3883 
1N3883A 
1N3889 
1N3889A 
1N3890 


1N3890A 
1N3891 
1N3891A 
1N3893 
1N3893A 


1N5221B 
1N3899 : 
1N3900 
1N3901 
1N3903 
1N3909 
1N3910 
1N3911 
1N3913 


MR1130 
SPECIAL 
SPECIAL 


1N4003 
1N4004 


1N4005 
MR1128 
MR1130 


1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 


MR1128 


MR1130 


SPECIAL 


| Motorola =") Motorola - Motorola 
Industry ~ Direct Similar Industry ~ Direct 
| Part Number > ‘Replacement } Replacement | Part Number =| ~— Replacement 


141N4012 
1 1N4013 
1N4014 


1N4015 


‘| 1N4139 


1N4140 
1N4141 
1N4142 
1N4143 
1N4144 


‘| 1N4145 


1N4245 
1N4246 
1N4247 
1N4248 


-1N4249 


1N4364 
1N4365 
1N4366 
1N4367 


1N4368 
1N4369 
1N4506 
1N4507 


‘| 1N4508 


1N4719 
1N4720 
1N4721 
1N4722 


| 1N4723 
| 1N4724 


1N4725 
1N4816 
1N4816GP 
1N4817 


1N4817GP 


1N4818 
1N4818GP 
1N4819 
1N4819GP 


1N4820 


1N4820GP 
1N4821 
1N4821GP 


1N4822 
1N4822GP 


1N4933GP 

| 1N4934GP 
_1N4935GP 

| 1N4936GP 


1N4937GP 
1N4942 
1N4943 
1N4944 
1N4945 
1N4946 


-1N4947 


1N4948 
1N4997 


1 1N4998 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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MR1128 : 
MR1128 ¢ 
MR1130 : 
MR1130 

1N4719,MR750 
1N4720,MR751 
1N4721,MR752 
1N4722,MR754 
1N4723,MR756 
| 1N4724,MR758 


1N4725,MR760 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N4002 
1N4003 
1N4004 
1N4004 


1N4005 
1N4005 
SPECIAL . 
SPECIAL 
SPECIAL 


1N4719 
1N4720 
1N4721 
1N4722 
1N4723 


1N4724 
1N4725 


1N4933 
1N4934 
1N4935 
1N4936 


1N4937 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Industry 


1N4999 
1N5000 
1N5001 
1N5002 
1N5003 
1N5004 
1N5005 
1N5006 
1N5007 
1N5052 


1N5053 
1N5054 
1N5055 
1N5056 
1N5057 
1N5058 
1N5059GP 
1N5060GP 
1N5061GP 
1N5062GP 


1N5170 
1N5171 
1N5172 
1N5173 
| 1N5174 
1N5175 
1N5176 
1N5177 
1N5178 
1N5185,GP 


1N5186,GP 
1N5187,GP 
1N5188,GP 
1N5189,GP 
1N5190,GP 
1N5197 
1N5198 
1N5199 
1N5200 
1N5201 


1N5206 
1N5391GP 
1N5392 
1N5392GP 
1N5393 
| 1N5393GP 
1N5394GP 
| 1N5395 
1N5395GP 
1N5396GP 


1N5397 
1N5397GP 
1N5398 
1N5398GP 
1N5399 
1N5399GP 
-1N5400 
1N5401 
1N5402 
1N5406 


Part Number - 


Motorola 
Direct 
Replacement 


1N5392 
1N5393 
1N5395 
1N5397 
1N5398 


1N5398 
1N5399 
1N4934 
1N4935 
1N4936 
1N4937 
MR5059 
MR5060 
MR5061 
MR5062 


1N5391 
1N5391 
| 1N5392 
1N5395 
1N5395 
1N5397 
1N5397 
| 1N5398 
1N5399 
MR850 


MR851 
| MR852 
MR854 
MR856 
MR856 
MR500 
MR501 
| MR5S02 
MR504 
MR506 


1N4936 
1N5391 


1N5392 
1N5392 


1N5393 
1N5393 
1N5394 


1N5395 
1N5395 
1N5396 


1N5397 


1N5397 


1N5398 
1N5398 


1N5399 


1N5399 


1N5400 
1N5401 
| 1N5402 
1N5406 


Motorola 
Similar 
Replacement 


Industry 


Part Number 


1N5415 
1N5416 
1N5417 
1N5418 
1N5419 
1N5420 
1N5614GP 
1N5615GP 
1N5616GP 
1N5617GP 


1N5618GP 
1N5619GP 
1N5620GP 
1N5621GP 
1N5622GP 
1N5623GP 
1N5624,GP 
1N5625,GP 
1N5626,GP 
1N5627GP 


| 1N5812 


1N5813 
1N5814 
1N5815 
1N5816 
1N5817 
1N5818 
1N5819 
1N5820 
1N5821 


1N5822 


| 1N5823 


1N5824 
1N5825 
1N5826 
1N5827 
1N5828 
1N5829 
1N5830 
1N5831 


1N5832 
1N5833 
1N5834 
1N5898 
1N5899 
1N5900 
1N5901 
1N5902 
1N5903 
1N5904 


1N6095 
1N6096 
1N6097 
1N6098 
1N645/7 
1N6458 
1N6459 
1N6460 
2/A4 

2AF1 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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Motorola 
Direct 
Repiacement 


MUR2505 
MUR2510 
MUR2510 
MUR2515 
MUR2515 
1N5817 
1N5818 
1N5819 
1N5820 
1N5821 


1N5822 
1N5823 
1N5824 
1N5825 
1N5826 


| 1N5827 


1N5828 
1N5829 
1N5830 
1N5831 


1N5832 
1N5833 
1N5834 


1N6095 


| 1N6096 


1N6097 
1N6098 


Motorola 
Similar 
Replacement 


MR850 
MR851 

MR852 

MR854 
MR856 
MR856 
1N4003 
1N4935 
1N4004 
1N4936 


1N4005 
1N4937 
1N4006 
MR817 
1N4007 
MR818 
MR502 
MR504 
MR506 
MRS08 


1N4719,MR750 
1N4720,MR751 
1N4721,MR752 
1N4722,MR754 
1N4723,MR756 
1N4724,MR758 
1N4725,MR760 


1N4004_ 
MRSO1 . 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


4+ Motorola 
-.. .. Direct 
Replacement 


| Motorola Motorola 
Industry Direct Similar 
Part Number Replacement | Replacement 


‘Motorola 
Similar 
Replacement 


Industry 
Part Number 


2AF2 
2AF3 
2AF4 
2AF6 
2AF8 
2AF10 
2AFRI1 
2AFR2 
2AFR3 
2AFR4 


2AFR6 
3A1 
3A2 
3A4 
3A05 
3A6 
3A8 
3A15 
3A30 
3A50 


3A100 
3A200 
3A300 
3A400 
3A500 
3A600 
3A800 


SAFI. 
SAF2 


SAF3 
SAF4 
SAF6 
3AF8 
3AF10 
SAFR1 
SAFR2 
SAFR3 
3AFR4 
3AFR6 


SBF1 
3BF2 
- SBF3 
SBF4 
SBF6 
SBF8 
3BF10 
SBFR1 
3BFR2 
SBFR3 


3BFR4 
- S3BFRE 


3E1 
3E2 

3E4 
3E05. 
3E6 
3E8 
3E10 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


3A1000 


—3CFS10 


MR502 
MR504 
MR504 
MR506 
MR508 
MR510 
MR851 
MR852 
MR854 
MR854 


MR856 
MR501 
MR502 
MRS04 
MR501 
MR506 
MR508 
MR501 
MR501 
MR501 


MR5S01 
MR502 
MR504 
MRS04 
MR506 
MR506 
MR508 
MR510 
MR501 
MR502 


MR504 
MR504 
MR506 
MR508 
MR510 
MR851 
MR852 


MR854 
MR856 


MR501 
MR502 
MR504 
MR504 
MR506 
MR508 
MR510 

-MR851 
MR852 
MR854 


MR854 
MR856 
1N4007 
MR501 
MR502 
MR504 
MR501 
MR506 
MR508 
MR510 


MR854 | 


| MR1121 


MR1122 
MR1124 
MR1124 
MR1126 
MR1126 
MR1128 
MR1130 
MR850 

MR850 


MR501 
MR502 
MR504 


MR506 
MR501 
MR851 
MR852 
MR854 
MR510 
MR502 
MR504 
MR506 
MR508 


1N4004 
1N4005 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 
1N4934 
1N4933 
1N4934 


1N4935 


1N4936 
1N4936 
1N4004 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Industry 


5A8 
5A10 
6A6F 
6A8F 
6A10F 
6A700 
6A800 
6A900 
6A1000 
6AL1 


6AL2 
6AL3 
6AL4 
6AL6 
6ALR1 
6ALR2 
6ALR3 
6ALR4 
6ALR6 
6F5A 


6F10A,B 
6F20A,B 
6F30A,B 
6F40A,B 
6F50A,B 
6F60A,B 
6F70A,B 
6F80A,B 
6F90A,B 
6F100A,B 


6FL5 
6FL10 
6FL20 
6FL30 
6FL40 
6FL50 
6FL60 
6FT5 
6FT 10 
6FT20 


6FT30 
6FT40 
6FT50 
6FT60 
6FVS 

6FV10 
6FV20 
6FV30 
6FV40 
6FV50 


6FV60 
8D4 
8D6 
10B 
10B1 
10B2 
10B3 
10B4 
10B5 
10B6 


Part Number 


Motorola 
‘Similar 
Replacement 


~ Motorola 
Direct 
Replacement 


MR1120,1N1199B 


MR1121,1N1200B 
MR1122,1N1202B 
MR1124,1N1204B 
MR1124,1N1204B 
MR1126,1N1206B 
MR1126,1N1206B 
MR1128 
MR1128 
MR1130 
MR1130 


1N3879 
1N3880 
1N3881 
1N3883 
1N3883 
MR1366 
MR1366 
1N3879 
1N3880 
1N3881 


1N3883 
1N3883 
MR1366 
MR1366 
1N3879 
1N3880 
1N3881 
1N3883 
1N3883 
MR1366 


MR1366 
1N4004 
1N4005 
MR1121 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 


Industry 
Part Number 


10B8 
10B10 
10BR 
10C1 
10€2 
103 
1004 
1005 
10C6 
1008 


10610 
1001 
10D2 
10D3 
1004 
10D5 
10D6 
10D8 
10010 
10H3P 


10HR3P 
10TQ030 
10TQ035 
10TQ040 
10TQ045 
12A6F 
12A8F 
12A10F 
12A700. 
12A800 


12A900 
12A 1000 
12CTQ030 
12CTQ030 
12CTQ035 
12CTQ035 
12CTQ040 
12CTQ040 
120TQ045 
12CTQ045 


12F5,A,B 
12F10,A,B 
12F15,A,B 
12F20,A,B 
12F30,A,B 
12F40,A,B 
12F50,A,B 
12F60,A,B 
12F80B 
12F100B 


12FL5,502 
12FL10,502 
12FL20,502 
12FL30,502 
12FL40,502 
12FL50,502 
12FL60,502 
12FT5 
12FT10 
12FT20 


1-9 


Motorola 
Direct 


Replacement 


MBR1535CT 
MBR1535CT 
MBR1545CT 
MBR1545CT 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


Motorola 
Similar 
Replacement 


1N4006 

1N4007 

1N3880 

1N4002,1N5391 
1N4003, 1N5393 
1N4004,1N5395 
1N4004,1N5395 
1N4005, 1N5397 
1N4005, 1N5397 
1N4006, 1N5398 


1N4007, 1N5399 
1N5392 
1N5393 
1N5394 
1N5395 
1N5396 
1N5397 
1N5398 
1N5399 
MR1121 


1N3880 
MBR1035 
MBR1035 
MBR1045 
MBR1045 
MR1376 
SPECIAL 
SPECIAL 
MR1128 
MR1128 


MR1130 
MR1130 
MBR1535CT 


MBR1535CT 
MBR1545CT 
MBR1545CT 


MR1120,1N1199B 
MR1121,1N1200B 
MR1122,1N1202B 
MR1122,1N1202B 
MR1124,1N1204B 
MR1124,1N1204B 
MR1126,1N1206B 
MR1126,1N1206B 
MR1128 

MR1130 


1N3889 
1N3890 
1N3891 
1N3893 
1N3893 
MR1376 
MR1376 
1N3889 
1N3890 
1N3891 


12FT30 
12FT40 
12FT50 
12FT60 
12FV5 
12FV10 
12FV20 
12FV30 
~12FV40 
12FV50 


12FV60 
16F5 
16F 10 
16F 15 
16F20 
16F30 
16F40 
16F50 
16F60 
—16F80 


16F 100. 
18FAS 
18FA10 
18FA20 
18FA30 
18FA40 
18FB5 
18FB10 
18FB20 
18FB30 


18FB40 
18FC5 
18FC10 
18FC20 
18FC30 
18FC40 
20A1 
20A2 
20A3 
20A4 


20A5 

206 
20A6F 
20A8 
20A8F 
20A10 
20A10F 
20B 
20BR 

-20CTQ030 


20CTQ035 
20CTQ040 
20CTQ045 
2001 
20D2 
20D3 
20D4 
| 20D5 
20D6 
20D8 


Industry 
Part Number 


RECTIFIER INDEX CROSS-REF 


1N3893 
1N3893 
MR1376 
MR1376 
1N3889 
1N3890 
1N3891 
1N3893 
1N3893 
MR1376 


MR1376 
MR1120 
MR1121 
MR1122 
MR1122 
MR1124 
MR1124 
MR1126 
MR1126 
MR1128 


MR1130 
1N4933 
| 1N4934 

1N4935 
| 1N4936 
1N4936 
| 1N4933 

1N4934 
1N4935 
1N4936 


1N4936 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 
1N4002 
1N4003 
1N4004 
1N4004 


1N4005 
1N4005 
MR1386 
1N4006 
SPECIAL 
1N4007 
SPECIAL 
MR1122 
1N3881 


MBR2035CT 


MBR2035CT 
MBR2045CT 
MBR2045CT 


1N5392 
1N5393 
1N5394 
1N5395 
1N5396 
1N5397 
1N5398 


ERENCE 


Motorola Motorola 
| Direct Similar 
Replacement |. Replacement 


‘|| 20010 
20F 10 
20F20 
20F30 
20F40 
20FQ020 
20FQ030 
20FQ035 
20FQ040 
20FQ045 


20H3P 

20HR3P 
21FQ030 
21FQ035 
21FQ040 
21FQ045 
20FQ010 
20FQ015 
25F 0020 


20FQ030 
20PWS 

20PW10 
| 25PW20 
20PW30 
20PW40 
20PW50 
20PW60 
SOA6F 

30A8F 


30A10F 
30B 
30BR 
30C 
30CTQ030 
30CTQ035 
30CTQ040 
30CTQ045 
300002 
300003 


30D004 

30FQ030 
30FQ30A 
| 30FQ35A 
30FQ40A 
30FQ045 
S0FQ45A 
SO0H3P 

SOHR3P 


30S1 
30S2 
3083 
30S4 
30S5 
30S6 
30S8 
30S 10 
40A50 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-10 


(Continued) 


Part Number 


Industry | 


25FQ025 — 


300QHC030 
30QHC045 


Motorola - 


- Motorola 
- Direct Similar 
Replacement 


Replacement 


MBR2535CT 
MBR2535CT 
MBR2545CT 
MBR2545CT 
1N5820, MBR320P 
1N5821, MBR330P 


1N5822, MBR340P 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Industry 


~ 40A100 
40A200 
40A400 
40A600 
{0B 
40BR 
400 
40D1 
40D2 
40D4 


40D6 
40D8 
40H3P 
40HFS 
40HF10 
40HF15 
40HF20 
40HF30 
40HF40 
40HFS0 


40HF60 
40HR3P 
40SL01 
40SL02 
| 40SL04 
1 40SL05 
40SL06 
SOH3P 
50HQ020 
50HQ030 


50HQ035 
30HQ040 
50HQ045 
51HQ045 
52HQ030 
52HQ035 
52HQ040 
52HQ045 
60B 
60BR 


60C 

_ 60CR 

~ 6OH3P 
60HF10 
60HF20 
60HF30 


60HF50 
60HF60 
6O0HR3P 


60S1 
60S2 
6083 
6054 
60S5 
60S6 
60S8 
60S 10 
75HQ030 
79HQ035 


Part Number | 


60HF40 © 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


1N1184A 
1N1186A 
1N1188A 
1N1190A 
MR1124 
1N3883 
1N4004 
1N5401 
1N5402 | 
1N5404 


1N5406 

1N5407 

MR1124 

1N1183A 
1N1184A 
1N1186A 
1N1186A 
1N1188A 
1N1188A 
1N1190A 


1N1190A 
1N3883 
MR851,MR821 
MR852,MR822 
MR854,MR824 
MR850,MR820 
MR856,MR826 
MR1125 


MBR6020 
MBR6035 


MBR6035 
MBR6045 
MBR6045 


MBR6045 
MBR6035 
MBR6035 
MBR6045 
MBR6045 


MR1126 
MR1366 


1N4005 
1N4937 
MR1126 
1N1184A 
1N1186A 
1N1187A 
1N1188A 
1N1189A 
1N1190A 
MR1366 


MR751,MR501 
MR752,MR502 
MR754,MR504 
MR754,MR504 
MR756,MR506 
MR756,MR506 
MR758,MRS08 
MR760,MR510 
MBR7530 

MBR7535 


75HQ040 
75HQ045 
80B 

80C 
80H3P 
8050030 
80S0035 
80SQ040 
80SQ045 
100B 


100€ 
100H3P 
363A 
363B 
363D 
363F 
363H 
363K 
363M 
388A 


388B 
388C 
388D 
388F 
388H 
388K 
388M 
‘| 407A 
407B 
407C 


407D 
407F 
407H 
407K 
407M 
408A 
408B 
408C 
408D 
408F 


408H 
408K 
408M 
409A 
409B 
409C 
409D 
409F 
409H 
409K 


| 409M 
417F 
417H 
417K 
417M 
418A 
418B 
418C 
| 4180 
418F 


5 ‘ ' ’ iy ' $ ' t 1 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-11 


Industry | 
Part Number Replacement 


Motorola Motorola | 
Direct Similar 
Replacement Page # 


MBR7540 
MBR7545 
MR1128 
1N4006 
MR1128 
1N5824,SPECIAL 
1N5825,SPECIAL 
1N5825,SPECIAL 
1N5825,SPECIAL 
MR1130 


1N4007 
MR1130 
MR850 
MR851 
MR852 
MR854 
MR854 
MR856 
MR856 
1N4933 


1N4934 
1N4935 
1N4935 
1N4936 
1N4936 
1N4937 
1N4937 
MR1120,1N1199B 
MR1121,1N1200B 
MR1122,1N1202B 


MR1122,1N1202B 
MR1124,1N1204B 
MR1124,1N1204B 
MR1126, 1N1206B 
MR1126,1N1206B 
MR1120,1N1199B 
MR1121,1N1200B 
MR1122,1N1202B 
MR1122,1N1202B 
MR1124,1N1204B 


MR1124,1N1204B 
MR1126,1N1206B 
MR1126,1N1206B 
MR1120,1N1199B 
MR1121,1N1200B 
MR1122,1N1202B 
MR1122,1N1202B 
MR1124,1N1204B 
MR1124,1N1204B 
MR1126, 1N1206B 


MR1126, 1N1206B 
1N1196 
1N1196 
1N1198 
1N1198 
1N1183 
1N1184 
1N1186 
1N1186 
1N1188 


RECTIFIER INDEX CROSS- REFERENCE (Continued) - 


| Motorola | — Motorola - Motorola Motorola 
Industry 1 - Direct. ~-. - Similar ee | Industry ~~ Direct Similar 7 
Sills muaer _Replacement..:| «Replacement | Part Number | Replacement Replacement . 


1N1188 A40A _ 1 1N1192 
1N1190 A40B 1N3210 
1N1190 | | A40B 1N1194 
1N1183A ~ A40C 1N3211 
1N1184A | | A40C 1N1195 
1N1186A | A40D 1N3212 
1N1186A - A40D 1N1196 
1N1188A A40E | 1N3213 
1N1188A A40E fot 1N1197 
1N1190A _ | | A40F 1N3208 


1N1190A — - A40F 1N1191 
MR1120,1N1199B A40M 1N3214 
MR1121,1N1200B} —- A40M 1N1198 
MR1122,1N1202B A44A : . 1N3492 
MR1123,1N1204B A44B | 1N3493 
MR1124,1N1204B A44C 1N3494 
MR1125,1N1206B A44D 1N3495 
MR1126,1N1206B{ —s- A44E MR327 
| MR1128 | A44F 1N3491 
1N248B - | A44M MR328 


1N249B | | A50 1N4001 
1N250B : A100 , 1N4002 
1N1196 A114A | 1N4934 
1N1196 A114B 1N4935 
1N1198 | A114C 1N4936 
1N1198 A114D : 1N4936 
| MR501 : A114E 1N4937 
MR502 : A114F 1N4933 
MR817 A114M 1N4937 
MR817 A114N MR817 


MR817 A115A MR851 
MR870 - A115B MR852 
MR871 - A115C MR854 
MR872 - A115D | MR854 
MR874 - A115E MR856 
MR876 - A115F MR850 
1N4002 A115M MR856 
1N4003 A129E MR1376 
1N4004 A129M MR1376 
1N4004 : A139E MR1386 


1N4005 -:° [| | A139M MR1386 
1N4001 . 7.7 A800 1N4004 
1N4005 - | | A827A a oe MR1121 
1N4006 1 | A327B | MR1122 
1N4007 A327C MR1124 
MR501 -A827F MR1120 
MR5S02 | A500 : 1N4005 
MR504 - A800 1N4006 
MR504 - . |.} A1000 | 1N4007 
MRS06 . AAS0 1N4001 


MR501 AA100 | | 1N4002 
MR506 : AA200 | 1N4003 
MR508 - | | AA300 | 1N4004 
1N3890 - — | | A400 = 1N4004 
1N3890 : AA500 | | 1N4005 
1N3891 | - |] Aa6oo ae 1N4005 
1N3892 sf | AA800 1N4006 
1N3893 -AA1000 . 1N4007 
1N3889 AB50° MR501 

| AB100 . MR501 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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RECTIFIER INDEX CROSS-REFERENCE (Continued) 


AB200 
AB3900 
AB400 
AB500 
AB600 
AB800 
AB1000 
AC50 
AC100 
AC200 


AC300 
AC400 
AC500 
AC600 
AC800 
AC880 
AC1000 
AR16 
AR17 
AR18 


AR19 
AR20 
AR21 
AR22 
— AR23 
AR24 
AR25A 
AR25B 
AR250 
AR25F 


AR25G 
AR25H 
AR25J 
AR25K 
AR25M 
B50 
B100 
B200 
B300 
B400 


B500 
B600 
B800 
B1000 
BA50 
BA100 
BA200 
BA300 
BA400 
BA500 


BA600 
BA800 
BA1000 
BF4-05L 
BF4-10L 
BF4-20L 

_ BF4-40L 
BF4-60L 

- BF4-80L 
BF4-100L 


Industry 
| Part Number 


Motorola 
Direct 
Replacement 


MR502 
MR504 
MR504 
MR506 
MR506 
MR508 
MR510 
MR501 
MR501 
MR502 


MR504 
MR504 
MR506 
MR506 
MR508 
MR508 
MR510 
1N4001 
1N4002 
1N4003 


1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4007 
MR2500 
MR2501 
MR2502 
MR2504 


MR2504 
MR2506 
MR2506 
MR2508 
MR2510 
1N4001 
1N4002 
1N4003 
1N4004 
1N4004 


1N4005 
1N4005 
1N4006 
1N4007 
1N4001 
1N4002 
1N4003 
1N4004 
-1N4004 
1N4005 


1N4005 
1N4006 
1N4007 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 


Motorola 
Similar 
Replacement 


BY 18 
BY101 
BY102 
BY 106 
BY 107 
BY111 


BY112 
BY113 
BY114 
BY116 
BY117 
BY118 
BY 121 
BY 123 
BY 124 
BY 125 


BY 126 
BY 128 
BY 141 
BY201 
BY202 
BY203 
BY204 
BY205 
BY206 
BY207 


BY208 
BY209 
BY211 
BY212 
BY213 
BY214 
BY215 
BY216 
BY217 
BY218 


BY219 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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Industry 
Part Number 


BFS-05L 
BFS-10L 
BF5-20L 
BFS-40L 
BF5-60L 
BF5-80L 
BF5-100L 
BF6-05L 
BF6-10L 
| BF6-20L 


BF6-40L 
BF6-60L 
BF6-80L 
BF6-100L 


_ BY229-200 
BY229-400 
BY229-600 
BY229-800 
BY 239-200 
BY239-400 
BY239-600 
BY239-800 
BY 239-1000 


Motorola 
Direct 
Replacement 


MRS01 
MR501 
MR502 
MR504 
MRS06 
MR508 
MR510 
MR501 
MR501 
MR502 


MR504 
MR506 
MR508 
MR510 
1N3882 


1N4003 


1N4001 


1N4004 
1N4003 


1N4004 


1N4001 
1N4003 
1N4004 
1N4004 


1N4006 


1N4007 
1N4001 


MUR820 
MUR840 
MUR860 
MUR880 
MR2402 
MR2404 
MR2406 
C.F. 
C.F. 


Motorola 
Similar 
Replacement 


BYX79,MR1124 


BY 126, 1N5398 
BY 126, 1N5398 


BY 126, 1N5398 


BY 126, 1N5398 
BY 126,1N5398 


BYX75,MR1120 
BYX76,MR1121° 
BYX77,MR1122 
BYX78,MR1124 
BYX78,MR1124 
BYX79,MR1126 
BYX79,MR1126 


BYX80,MR1128 
BYX81,MR1130 
BYX75,MR1120 
BYX76,MR1121 
BYX77,MR1122 
BYX78,MR1124 
BYX78,MR1124 
BYX79,MR1126 
BYX79,MR1126 
BYX80,MR1128 


BYX81,MR1130 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Motorola {| Motorola 


= 
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: : Motorola |} — Motorola | : 

Industry ~ Direct Similar ‘| Industry. =| Direct | — Similar | 
- Part Number Replacement j} Replacement Part Number Replacement Replacement ‘| Page # 
BY2001 BYX81,MR1130 - BYX36600 1N4004 Los 
BY2002 BYX81,MR1130 - ‘|; BYX216400 1N3495 - 
BY2101 BYX81,MR1130 - BYY20 | 1N3493R - 
BY2102 BYX81,MR1130 - BYY20/200 1N3493R - 
BY2201 BYX81,MR1130 - -BYY21/200 1N3493R - 
BY2202 BYX81,MR1130 - BYY31 1N4003 - 
BYV32-50 BY V32-50 - BYY32 1N4003 - 
BYV32-50 | MUR1605CT - BYY33 1N4004 - 
BYV32-100 BYV32-100 - | BYY34 1N4004 - 
BYV32-100 | : MUR1610CT - BYY35 BY 127,1N5397 
BYV32-150 BYV32-150 - BYY36 BY 126, 1N5399 
BYV32-150 MUR1615CT - BYY37 BY 127,1N5399 
_ BYV32-200 BYV32-200 - CER67,A,B,C 1N4001 
BYV32-200 oO MUR1620CT - CER68,A,B,C 1N4002 
BYW29-50 BYW29-50 - CER69,A,B,C 1N4003 
BYW29-50 MUR805 - CER70,A,B,C 1N4004 
BYW29-100 BYW29-100 - CER71,A,B,C 1N4005 
BYW29-100 | MUR810 - CER72,A,B,C,D 1N4006 
BYW29-150 BYW29-150 ; CER73,A,B,C,D 1N4007 
BYW29-150 MUR815 CER500,A,B,C 1N4005 
BYW30-50 SPECIAL D50 1N4001 
| BYW30-100 SPECIAL D100 .1N4002 
BYW30-150 SPECIAL D300 1N4004 
BYW31-50 SPECIAL D500 1N4005 
BYW31-100 SPECIAL D800 1N4006 
BYW31-150 SPECIAL D1000 1N4007 
BYW51-50 MUR1605CT D1201A 1N4002 
BYW51-100 MUR1610CT D1201B 1N4003 
~BYW51-150 MUR1615CT D1201D 1N4004 
BYW80-50 MUR805 -D1201F 1N4001 
BYW80-50R MUR805R D1201M 1N4005 
BYW80-100 MUR810 D1201N 1N4006 
BYW80-100R MUR810R D1201P 1N4007 
BYW80-150 MUR815 D2201A 1N4934 
BYW80-150R MUR815R 02201B 1N4935 
BYX21L100 1N3492 02201D 1N4936 
BYX21L200 1N3493 D2201F 1N4933 
BYX21L400R 1N3495R D2201M 1N4937 
BYX30-200,R 1N3901 D2201N — MR816 
BYX30-300,R 1N3902 D2406A 1N3880 
BYX30-400,R 1N3903 D2406B 1N3881 
BYX30-500,R MR1386 — D2406C 1N3882 
BYX30-600,R MR1386 02406D 1N3883 
BYX38-300,R MR1122 D2406F 1N3879 
BY X38-600,R MR1126 D2406M MR1366 
-BYX38-900,R MR1130 D2412A 1N3890 
BY X38-1200,R MR1130 D2412B 1N3891 
BY X42-300,R MR1122 D2412C 1N3892 
BYX42-600,R MR1124 024120 1N3893 
BY X42-900,R MR1126 D2412F 1N3889 
BYX42-1200,R MR1128 D2412M MR1376 
BYX48/300 MR1124 D2520A 1N3900 - 
-BYX48/600 MR1126 02520B 1N3901 - 
BY X48/900 MR1130 D2520C 1N3902 - 
BY X20200R 1N3493R D2520D 1N3903 - 
BY X21100 1N3492 | | 02520F 1N3899 - 
BY X21200 1N3493 D2520M MR1386 - 
BYX21200R 1N3493R “| | D2540A 1N3910 - 
BYX36150 1N4003 | D2540B 1N3911 E 
BY X36300 1N4003 - -D2540C - 


1N3912 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement Page # 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Repiacement 


Industry 
Part Number 


D2540D 1N3913 ER6 1N4937 
D2540F 1N3909 . ER11 1N4002 
D2540M MR1396 - ER21 1N4003 
D2601A MR811 ER31 1N4004 
D2601B MR812 ER41 1N4004 
02601D MR814 ER51 1N4005 
D2601F MR810 ER61 1N4005 
D2601M MR816 ER81 1 1N4006 
D2601N MR818 ER181 1N4001 
DI-42 1N4003 ER182 1N4002 
DI-44 1N4004 ER183 1N4003 
DI-46 1N4005 ER184 1N4004 
DI-48 1N4006 ER185 1N4005 
DI-52 1N4003 ER186 1N4006 
DI-54 1N4004 ER187 1N4007 
DI-56 1N4005 ER2000 MRSO1 
DI-58 1N4006 ER2001 MR501 
DI-72 1N4003 ER2002 MR502 
DI-74 1N4004 ER2003 MR304 
DI-76 1N4005 ER2004 MR504 
DI-78 1N4006 ER2005 MR506 
DI-410 1N4007 ER2006 MR506 
DI-510 1N4007 ESAB82-4 MBR1545CT 
DI-710 1N4007 ESAC25-02 MUR820 
DSR1201 MR501 ESAC25-04 MUR840 
DSR1203 MR504 ESAC82-4 MBR1545CT 
DSR1205 MR506 ESAC83-4 MBR3045PT 
DT230A 1N4002 

DT230F 1N4001 


FI 
F2 


F3 


1N4934 
1N4935 


1N4004 


DT230G 
DT230H 


1N4003 
1N4004 


E1 1N4002 F4 1N4004 
E2 1N4003 

F5 1N4937 
E3 1N4004 

F6 1N4005 
E4 1N4004 

F8 1N4006 
E6 1N4005 
| F10 1N4007 
E8 1N4006 

F12100B MR1130 
E10 1N4007 FESA MUR805 
EASD83-4 MBR3045PT 


MUR810 
MUR815 


FE8B 
FE8C 


(TO-220) 


ED3100 1N4001 
FD3101 1N4002 Bs inter 
ED3102 1N4003 FEAG MUR840 
ED3104 1N4004 
FD3106 1N4005 FE16A MUR1605CT 
ED3108 1N4006 FE16B MUR1610CT 
ED3110 1N4007 FE16C MUR1615CT. 
ED8307 MR1366 FE16D MUR1620CT 
ED8310 MR1376 FE16F MUR1640CT 
EM501 1N4002 FE16G MUR1640CT 
EM502 1N4003 1N4934 
EM503 | 1N4004 1N4935 
EM504 1N4004 1N4936 
EM505 1N4005 1N4936 
EM506 1N4005 1N4937 
EM508 1N4006 1N4002 
EM510 1N4007 1N4001 
ER1 1N4001 1N4002 
ER2 1N4935 1N4003 

| ER4 1N4936 1N4004 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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~~: Motorola 


Motorola 


| GP80A 
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| Motorola {+ ~ Motorola ‘ol 

_ Industry Direct Similar Industry © Direct ~~ Similar 
“Part Number Replacement | Replacement Part Number = | ‘Replacement | “Replacement | 
G1G ) 1N4004 - G1820 MR820 

1N4005 GI821 MR821 

1N4005 GI822 MR822 

1N4006  G1824 MR824 

1N4007 GI826 MR826 

1N5391 Gi850 ~MR850 

1N5392 GI851 MR851 

1N5393 GI852 MR852 | 

1N5395 Gi854 MR854 

1N5397 — GI856 MR856° 

1N5398 GI910 MR910 

1N5399 GI911 MR911 

MR500 GI912 MR912 

MR501 GI914 MR914 

MR502 GI916 MR916 

MR504 GI917 MR917 

MR504 GI918 MR918 

MR506 GI2500 MR2500 

MR506 GI2501 MR2501 

MR508 GI2502 MR2502 

MR510 GI2504 MR2504 

1N4005 GI2506 MR2506 

1N4006 Gl2508 MR2508 

| 1N4007 GI2510 MR2510 

1N4001 GP10A 1N4001 

1N4002 GP10B 1N4002 

1N4003 GP10D 1N4003 

1N4004 GP10G 1N4004 

1N4004 GP10J 1N4005 

1N4005 GP10K 1N4006 

1N4005 GP10M 1N4007 

1N4006 GP15A 1N5391 

1N4007 GP15B 1N5392 
GER4001 1N4001 GP15D 1N5393 
GER4002 1N4002 GP15G 1N5395 
GER4003 1N4003 GP15J 1N5397 
GER4004 1N4004 GP15K 1N5398 
GER4005 1N4005 GP15M 1N5399 
GER4006 1N4006 GP20A 1N5391 
GER4007 1N4007 © GP20B 1N5392 
GI500 GP20D 1N5393 
GI501 GP20G 1N5395 
Gi502 GP20J 1N5397 
GI504 GP20K 1N5398 
Gi506 GP20M 1N5399 
- GI508 GP25A MR500 
GI510 GP25B MR501 
GI750 | GP25D MR502 — 
GI751 -GP25G MR504 
GI752 GP25J MR506 
GI754 ‘| GP25K MR508 
GI756 .GP25M MR510 
GI758 GP30A MR500 
GI810 GP30B MR501 
GI811 GP30D MR502 
GI812 GP30G MR504 
—GI814 GP30J MR506 
Gi816 GP30K MR508 
GI817 GP30M MR510 
-GI818 


MR2400_ 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Motorola 
Direct 
Replacement 


Industry 
Part Number 


GP80B 
GP80D 
GP80G 
GP80J 
GP80K 
GP80M 
GR1 
GR2 
GR4 
GR6 


H800 

H1000 
HB50 

HB100 
HB200 
HB300 
HB400 
HB500 
HB600 
HB800 


HB1000 
HC67 
HC68 
HC69 
HC70 
HC71 
HC/2 
HC73 
HC300 
HC500 


HFR-5 
HFR-10 
HFR-150 
HFR-200 
HGR-5 
HGR-10 
HGR-20 
HGR-30 
HGR-40 
HGR-60 


HR100 
HR200 
HR400 
HR600 
HRF100 
HRF200 
HRF400 
HRF600 
ITS5817 
ITS5818 


ITS5819 
IT$5823 
ITS5824 
ITS5825 


1N5817 
1N5818 


1N5819 


Motorola 
Similar 
Replacement 


MR2401 
MR2402 
MR2404 
MR2406 
MR2408 
MR2410 
1N4934 
1N4935 
1N4936 
1N4937 


1N4006 
1N4007 
MR501 

MR501 

MR502 

MR504 
MR504 
MR506 
MR506 
MR508 


MR510 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N4722 
1N4723 


1N4933 
1N4934 
1N4935 
1N4935 
1N4001 
1N4002 
1N4003 


| 1N4004 


1N4004 
1N4005 


1N5401 
1N5402 
1N5404 
1N5406 
MR851 
MR852 
MR854 
MR856 


1N5823 
1N5824 
1N5825 
1N4002 
1N4003 


1N4004 


1N4001 
1N4005 
1N4006 


Industry 
Part Number 


J-10 

MO 

M2 

M4 

M6 

M8 
M67,A,B,C 
M68,A,B,C 
M69,A,B,C 
M70,A,B,C 


M71,A,B,C 
M72,A,B,C 
M73,A,B,C 
M100A 
M100B 
M100D 
M100F 
M100G 
M100H 
M100J 


M100K 
M100M 
M500,A,B,C 
MB214 
MB215 
MB217 
MB218 
MB219 
MB220 
MB221 


MB222 
MB224 
MB225 
MB226 
MB228 
MB229 
MB230 
MB231 
MB232 
MB233 


MB234 
MB235 
MB236 
MB237 
MB238 
MB239 
MB240 
MB241 
MB242 
MB243 


MB244 
MB245 
MB246 
MB247 
MB248 
MB249 
MB250 
MB251 
MBRO30 
MBR040 


Motorola 
Direct 
Replacement 


MBR030 
MBR040 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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Motorola 
Similar 
Replacement 


1N4007 
1N4007 
1N4003 
1N4004 
1N4005 
1N4006 
1N4001 
1N4002 
1N4003 
1N4004 


1N4005 

1N4006 
1N4007: 
1N4001 

1N4002 

1N4003 
1N4004 
1N4004 
1N4005 
1N4005 


1N4006 
1N4007 
1N4005 
1N4934 
1N4935 
1N4936 
1N4937 
1N4937 
MR817 
1N4934 


1N4935 
1N4936 
1N4937 
1N4937 
MR501 

MR502 
MRS04 
MRS04 
MR506 
MR506 


MR508 
MR510 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4007 


1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4007 


Industry 
Part Number 


MBR115P 
MBR120P 
MBR130P 
MBR140P 
MBR320M 
MBR330M 
-MBR340M 
MBR320P 
MBR330P 
MBR340P 


-MBR735 

-MBR745 
MBR1035 
MBR1045 
MBR1520 
MBR1530 
MBR1540 
MBR1535CT 
MBR1545CT 
MBR1635 


MBR1645 
MBR2035CT 
MBR2045CT 
MBR2520 
MBR2530 
MBR2540 
MBR2535CT 
MBR2545CT 
MBR3020CT 
MBR3035CT 


MBR3035PT 
MBR3045CT 
MBR3035PT 
MBR3520 
MBR3535 


MBR4020 
MBR4030 


MBR4040 


MBR6035,B 
MBR6035PF 
MBR6045,B 


MBR6045PF 


MBR6535 
MBR6545 
-MBR7520 
MBR7530_ 
MBR7535 
MBR7545 
MBR8035 
MBR8045 
MBR12035CT 
MBR12045CT 


7 Replacement 


MBR3545,H,H1 


MBR5825,H,H1 
MBR95831,H,H1 


MBR6045,H,H1. 


Motorola | 


Direct 


| MBR115P 
| MBR120P 


MBR130P - 


| MBR140P 


MBR320M 
MBR330M 
MBR340M 
MBR320P 
MBR330P 
MBR340P 


MBR735 
MBR745 
MBR1035 
MBR1045 
MBR1520 
MBR1530 
MBR1540 
MBR1535CT 
MBR1545CT 
MBR1635 


MBR1645 


| MBR2035CT 


MBR2045CT 
MBR2520 
MBR2530 
MBR2540 
MBR2535CT 
MBR2545CT 
MBR3020CT 
MBR3035CT 


MBR3035PT 
MBR3045CT 
MBR3035PT 
MBR3520 
MBR3535 
MBR3545,H,H1 
MBR4020 
MBR4030 


MBR4040 
MBR5825,H,H1 
MBR5831,H,H1 
MBR6035,B 
MBR6035PF 
MBR6045,B 
MBR6045,H,H1 
MBR6045PF 


MBR6535 
MBR6545 
MBR7520 
MBR7530 
MBR7535 
MBR7545. 
MBR8035 
MBR8045 
MBR12035CT 
MBR12045CT 


Motorola 


~ > Similar 
Replacement 


RECTIFIER INDEX CROSS-REFERENCE (Continued) — 


| Industry 


Part Number 


MBR20035CT 
MBR20045CT 
MBR30035CT 


~MBR30045CT 


-MBRLO030/040 
MDA100A 
MDA101A 
MDA102A 


MDA104A 
MDA106A 
MDA108A 
MDA110A 
MDA200A 


| MDA201A 


MDA202A 
MDA204A 


| MDA206A 


MDA208A 


| MDA210A 


MDA920A1 
MDA920A2 
MDA920A3 
MDA920A4 
MDA920A6 
MDA920A7 
MDA920A8 
MDA920A9 
MDA970A1 


MDA970A2 
MDA970A3 
MDA970A5 


- MDA970A6 


MDA980-1 
MDA980-2 
MDA980-3 
MDA980-4 
MDA980-5 
MDA980-6 


MDA990-1 
MDA990-2 
MDA990-3 
MDA990-4 
MDA990-5 
MDA990-6 
MDA2500 
MDA2501 
MDA2502 
MDA2504 


MDA2506 
MDA2550 
MDA2551 
MDA3500 
MDA3501 
MDA3502 
MDA3504 
MDA3506 
MDA3508 
MDA3510. 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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f _. Motorola 


Direct 


Replacement - 


| MBR20035CT 


MBR20045CT 
MBR30035CT 
MBR30045CT 
MBRL030/040 
MDA100A 
MDA101A 
MDA102A 


MDA104A. 
MDA106A. 
MDA108A 
MDA110A 
MDA200A 
MDA201A 
MDA202A 
MDA204A 
MDA206A 
MDA208A 


MDA210A 

MDA920A1 
MDA920A2 
MDA920A3 


| MDA920A4 


MDA920A6 


| MDA920A7 


MDA920A8 
MDA920A9 
MDA970A1 


MDA970A2 
MDA970A3 
MDA970A5 
MDA970A6 
MDAQ80-1 
MDA980-2 
MDA980-3 
MDA980-4 
MDA980-5 
MDA980-6 


| MDA990-1 


MDA990-2 
MDA990-3 
MDA990-4 
MDA990-5 
MDA990-6 
MDA2500 
MDA2501 
MDA2502 
MDA2504 


MDA2506 
MDA2550. 
MDA2551 
MDA3500 
MDA3501 
MDA3502 
MDA3504 
MDA3506 
MDA3508 
MDA3510 


Motorola 


— Similar 
Replacement - 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


‘Motorola Motorola Motorola Motorola 
Industry Direct Similar industry Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement Page # 


MDA3550 MDA3550 MR874 MR874 
MDA3551 MDA3551 MR876 MR876 
MPR10 1N4007 MR910 MR910 
MR100 1N5392 MRQ11 MR911 
MR200 | 1N5393 MR912 MR912 
MR327 MR327 MRQ14 MR914 
MR328 MR328 MR916 MR916 
MR330 MR330 MR917 MR917 
MR331 MR331 MR918 MR918 | 
MR400 1N5395 MR1000 1N5399 
MR500 MR500 MR1120 MR1120 
MR501 MR501 MR1121 MR1121 
MR502 MR502 MR1122 MR1122 
MR504 MR504 MR1124 MR1124 
MR506 MR506 - MR1126 MR1126 
MR508 MR508 MR1128 MR1128 
MR510 MR510 MR1130 MR1130 
MR600 1N5397 MR1366 MR1366 
MR750 MR750 -MR1376 MR1376 
MR751 MR751 MR1386 MR1386 
MR752 MR752 MR1396 MR1396 
MR754 MR754 MR2400 MR2400 
MR756 MR756_ MR2400F MR2400F 
MR758 MR2401 MR2401 
MR760 | MR2401F MR2401F 
MR800 1N5398 MR2402 MR2402 
MR801 MR2402F MR2402F 
MR802 MR2404 MR2404 
MR804 MR2404F MR2404F 
MR806 MR2406 MR2406 
-MR810 MR2406F MR2406F 
MR811 MR2500,M ‘| MR2500,M 
MR812 MR2501 MR2501 
MR814 MR2502 MR2502 
MR816 MR2504 MR2504 
MR817 MR2506 MR2506 
-MR818 MR2508 MR2508 
MR820 MR2510 MR2510 
MR821 MR2520L MR2520L 
MR822 MR2525L MR2525L 
MR824 -MR5005 MR5005 
MR826 MR5010 MR5010 
-MR830 MR5020 MR5020 
MR831 MR5030 MR5030 
MR832 MR5040 MR5040 
MR834 MR5059 MR5059 
MR836 MR5060 MR5060 
MR850 MR5061 MRS5061 

| MR851 MUR105 MUR105 
MR852 -MUR110 MUR110 
MR854 MUR115 MUR115 
MR856 MUR120 MUR120 
MR860 MUR405 MUR405 
MR861 MUR410 MUR410 
MR862 MUR415 MUR415 
MR864 MURG0SCT | MURGOSCT 
MR866 MUR610CT — | MUR610CT 
MR870 MUR61SCT —_| MUR615CT 
MR871 MUR620CT | MUR620CT 
MR872 MR872 MUR805__ 


MUR805 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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RECTIFIER INDEX CROSS-REFERENCE (Continued) 


.-.° Motorola. 


Motorola - Motorola 7 “Motorola 
Industry - » Direct - Similar | Industry Direct Similar 
‘Part Number — Replacement . Replacement Part Number Replacement | Replacement | 


-MUR8IO 


MUR810 -NS3003 ~MR854 
-MUR815 MUR815 -NS3004 MR854 
- MUR820 MUR820 NS3005 MR856 
-MUR830 © MUR830 NS3006 MR856 
 MuUR840 MUR840 . NS6000 1N3879. 
MUR850 MUR850 NS6001 1N3880 
MUR860 MUR860 © NS6002 1N3881 
~ | MUR1505 MUR1505 NS6003 1N3882 
| MUR1510 MUR1510 NS6004 1N3883 
| MUR1515 MUR1515 | NS6005 MR1366 
MUR1520 ~ MUR1520. spbee ies 
~MUR1530 MUR1530 -NS30000 1N3909 
MUR1550 MUR1550 NS30001 1N3910 
MUR1560 MUR1560. NS30002 1N3911 
-MURI605CT - | MUR1605CT 
NS30003 1N3912 
MUR1610CT MUR1610CT NS30004 1N3913 
MURI615CT MUR1615CT 
P100A 1N5391 
MUR1620CT MUR1620CT P1008 1N5399 
-MUR2505 MUR2505 P1000 1N5393 
MUR2510 ‘MUR2510 
! P100G 1N5395 
MUR2515 MUR2515 P100J 1NS397 
MUR2520 MUR2520 eae eae 
MUR3005PT MUR3005PT 
MUR3010PT MUR3010PT P300A MR500 
MUR3015PT MUR3015PT P300B MR501 
MUR3020PT MUR3020PT P300D MRS02 
MUR5005 MUR5005. P300F MR504 
-MURS5010 MUR5010 P3006 MRS04 
MUR5015 MUR5015 P300H MRS06 
MUR5020 MUR5020 P300J - MR506 
P300K MR508. 
MUR10005CT | MUR10005CT P300M MR510 
MUR10010CT | MUR10010CT PA305 1N4001 
MUR10015CT | MUR10015CT -PA310 1N4002 
| MUR10020CT | MUR10020CT PA315 1N4003 
NSS00 1N4933. PA320 | 1N4003 
NSSO1 1N4934 PA325 1N4004 
| | PA330 1N4004 
NS502 1N4935 PA340 1N4004 


NS505 1N4937 | 
PA360 1N4005 
NS506 1N4937 vite 
PS405 1N4001 
NS1000 1N4933 
PS410 1N4002 
NS1001 1N4934 | 
PS415 1N4003 
NS1002 1N4935 
} PS420 1N4003 
NS1004 1N4936 | 
C4, PS425. 1N4004 
NS1005 1N4937 - 
NS1006 1N4937 PS430 1N4004 
PS435 1N4004 
| NS2000 MR850 es 1N4004 
NS2001 MR851 PS450 1N4005 
NS2002 MR852 — PS460 1N4005 
/ NS2003 MR854- PTS05 1N4001 
NS2004 MR854 - PT510 | 1N4002 
NS2005 _ MR856° PT515 1N4003 . 
NS2006 - -MR856 PT520 }1N4003 
NS3000 MR850 PT525 | 1N4004° 
| NS3001 ~MR851 PT530 ny 
| R852 PT540 1N4004 
NS3002 MRB52 | eines 


PT550 
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RECTIFIER INDEX CROSS-REFERENCE (Continued) 


industry 


PT560 
PT580 
PZ-140B 
PZ-140D 
PZ-140F 
R200 
R400 
R600 
R710XPT 
R711XPT 


R712XPT 
R714XPT 
R800 
R1000 
R302506 
R302512 
R1420010 
R1420110 
R1420210 
R1420410 


R1420610 
R3020606 
R3020612 
R3400006 
R3400106 
R3400206 
R3400306 
R3400406 
R3400506 
R3400606 


R3400706 
R3400806 
| R3400906 
R3401006 
R4020530 
R4020620 
R4020630 
RGI-A 
| RG1-B 
RG1-D 
| RG1-G 
RG1-J 
RG1-K 
RG1-M 
RGIA 
| RG1B 
RG1D 
RGIF 
RG1G 
RG1H 


RG1J 
RG1K 
RG1M 
RG3-A 
RG3A 
RG3B 
RG3D 
| RGSF 
RG3G 
RG3H 


Part Number 


Motorola 
Direct 
Replacement 


1N4005 
1N4006 
1N3493 
1N3495 
MR328 
1N4003 
1N4004 
1N4005 


R710XPT 
R711XPT 


R712XPT 
R714XPT 


1N4006 
‘| 1N4007 
MR1366 
MR1376 
1N4933 
1N4934 
1N4935 
1N4936 


1N4937 
MR1366 
MR1376 
MR/50 
MR751 
MR752 
MR754 
MR754 
MR754 
MR756 


MR756 
MR758 
MR760 
MR760 
MR1396 
MR1386 
MR1396 


1N4935 
1N4936 


MR817 
MR818 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 
1N4937 


1N4937 
MR817 
MR818 
MR850 
MR850 
MR851 

MR852 
MR854 
MR854 
MR856 


Motorola 
Similar 
Replacement 


1N4933,MR810 
1N4934,MR811 


1N4937,MR816 


RG3J 
RG3K 
RG3M 
RG1122 
RG1123 
RGP10A 
RGP10B 
RGP10D 
RGP10F 
RGP10G 


RGP10H 
RGP10J 
RGP10K 
RGP15A 
RGP15B 
RGP15D 
RGP15F 
RGP15G 
RGP15H 
RGP15J 


RGP15K 
RGP15M 
RGP20A 
RGP20B 
RGP20D 
RGP20F 
RGP20G 
RGP20H 
RGP20J 
RGP20K 


RGP20M 
RGP25A 
RGP25B 
RGP25D 
RGP25F 

RGP25G 
RGP25H 
RGP25J 

RGP25K 
RGP25M 


RGP30A 
RGP30B 
RGP30D 
RGP30F 
RGP30G 
RGP30H 
RGP30J 
RGP30K 
RGP30M 
RGP80A 


RGP80B 
RGP80D 
-RGP80G 
RGP80J 
RGP80K 
RGP80M 
RIV020 
RIV040 
RIVO60 
RLOOS 
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industry 
Part Number 


Motorola 
Similar 


Motorola 
Direct 
Replacement 


MR856 
MR917 
MR918 
1N4001 
1N4002 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 


MR818 
1N4937 
MR817 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 
1N4937 
1N4937 


MR817 
MR818 
1N4933 
1N4934 
1N4935 
1N4936 
1N4936 
1N4937 
1N4937 
MR817 


MR818 
MR850 
MR851 
MR852 
MR854 
MR854 
MR856 
MR856 
MR917 
MR918 


MR850 
MR851 
MR852 
MR854 
MR854 
MR856 
MR856 
MR917 
MR918 
MR2400F 


MR2401F 
MR2402F 
MR2404F | 
MR2406F - 
C.F. 

C.F. 

MR852 
MR854 
MR856 
1N4933 


Zz Replacement 


RECTIFIER INDEX CROSS- REFERENCE: (Continued) — 


| Motorola |... Motorola i 1 Motorola = |= Motorola 
Industry -.- Direct ‘Similar | Industry ‘Direct = | = Similar 
Part Number - | . Replacement. | Replacement |. Part Number ase Replacement. | Replacement 


| RLO10 pee 1N4934 | “S5A2F | MR822/MR852 
~RLO20 "2 1N4935 S5A3 7 : MR504- 
RLO40 ; 1N4936 = — | | S5A3F = MR824/MR854 
RLO60 ere 1N4937 |} S5A4 MR504 


 RLO80 ~ | MR817 | | SSA4F : MR824/MR854 
| | RL100 | 


RMC005 
RMC010 
RMC020 
RMC040 


» RMC060 

| RMC080 
RMC100 
RT05 
RT10 

| RT20 
RT30 
RT40 

- RT60 


MR818 
1N4933 
1N4934 
1N4935 
1N4936 


1N4937 
MR817 
MR818 
1N3889 
1N3890 
1N3891 
1N3892 
1N3893 
MR1376 


S5A5 


 SSASF 


S5A6 
SSA6F 
S5A8 


| SSA8F 
-S5A10 


SSA10F 


S5A12F 


S5A025 
S6A1 
S6A2 
S6A3 
S6A4 


MR5S06 


MR826/MR856 


MR506 


MR826/MR856 


MR508 


MR917 
MR510 
MR918 
SPECIAL 
MR500 
MR/7951 
MR752 
MR754 
MR754 


| RUR-D810 MUR1610CT S6A5 MR756 


-RUR-D815 MUR1615CT S6A6 MR756 
RUR-D820 MUR1620CT S6A8 MR758 


SOF 
SOM 
S1A1F 
S1A2F 
S1A3F 
S1A4F 
S1A5F 
S1A10F 


S1A12F 
S1ABF 
S1AGF 
SOF 
S2M 
S3A1 
S3A1F 
S3A2 
S3A2F 
-§3A3 


S3A3F 


— | S38A4 


S3A4F 
S3A5 
S3A5F 
S3A6 
S3A6F 
S3A7 
S3A8 
S3ABF 


S3A9 
S3A10 
S3A10F 
S3A12F 
S3A025 
S4F 
S4M 
S5AT 
| SSAIF 
S5A2 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


MR818 
1N4007 
1N4934 
1N4935 
1N4936 
1N4936 
1N4937 
MR818 


SPECIAL 
MR817 
1N4937 
1N4935 
1N4003 
1N5401 
MR851 
1N5402 


} MR852 


1N5403 


MR854 
1N5404 
MR854 
1N5405 
MR856 
1N5406 
MR856 


-MR508 


MR508 
MR917 


MR510 
MR510 
MR918 


SPECIAL 


1N5400 
1N4936 


1N4004 


MR501 


MR821/MR851 


MR502 


S6A10 
S6F 
S6M 
S8F 
S8M 
S25A1 
S25A3 
S25A4 


S25A05 
S25A6 
S25A8 
S25A10 
S40A1 
S40A2 
S40A3 
S40A4 
S40A5 
S40A6 


S40A8 
S40A10 
$1010 
$1020 


$1030 


51040 
$1050 
51060 
$1070 
$1080 


$1090 
510100 
S-3A1 
S-3A2 
S-3A3 
S-3A4 


| §-3A5 


S-3A6 | 
S-3A8 


1] $-3at0 
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MR760 
1N4937 
1N4005 
MR817 
1N4006 
1N1184 
1N1187 
1N1188 


1N1183 
1N1190 
1N3766 
1N3768 
1N1184A 
1N1186A 
1N1187A 
1N1188A 
1N1189A 
1N17190 


1N3766 
1N3768 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4006 
1N4006 


1N4007 
1N4007 
MR501 

MR502 

MR504 
MRS04 
MRS06 
MR506 
MR508 
MR510 


Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement 


Motorola Motorola 
Industry Direct Similar 
Part Number Repiacement Replacement 


S-9A1 
S-5A2 
S-5A3 
S-5A4 
S-5A5 
S-5A6 
SB820 
SB830 
SB840 
SB850 


SB860 
SB880 
SB1620 
SB1630 
SB1640 
5B1650 
SB1660 
SB1680 
SD1 
SD2 


9D4 

SD05 
SD6 

SD8 

SD31 
SD32 
SD41 
SD51 
SD71 
SD72 


SD/5 
$D241 
SEN105 
SEN105FR 
SEN110 
SEN110FR 
SEN120 
SEN120FR 
SEN130 


SEN140 
SEN140FR 
SEN150 
SEN150FR 
SEN160 
SEN160FR 
SEN180 
SEN205 
SEN205FR 
SEN210 


SEN210FR 
| SEN220 
SEN220FR 
SEN230FR 
SEN240 
SEN240FR 
| SEN250FR 
SEN260 
SEN260FR 
SEN280 
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MR751 
MR752 
MR754 
MR/54 
MR756 
MR756 
MBR/735 
MBR735 
MBR745 
MBR745 


C.F. 

C.F. 
MBR1535CT 
MBR1535CT 
MBR1645CT 
MBR1645CT 
C.F. 

C.F. 

1N4002 
1N4003 


1N4004 
1N4001 
1N4005 
1N4006 
MBR3545 
MBR3545 


MBR/545 
MBR/545 


MBR7/545 


1N4001 
1N4933 
1N4002 
1N4934 
1N4003 
1N4936 
1N4004 


1N4004 


| 1N4936 


1N4005 
1N4937 


| 1N4005 


1N4937 
1N4006 
MR501 
MR850 
MR501 


MR851 
MR502 
MR852 
MR854 
MR504 
MR854 
MR856 
MR506 
MR856 
MR508 | 


SEN300 
SEN305 


~ SEN305FR 


SEN310 
SEN310FR 
SEN320 
SEN320FR 
SEN330FR 
SEN340 
SEN340FR 


SEN350 | 
SEN3SOFR 
SEN360 
SEN360FR 
SEN380 
SEN1100 
SEN2100 
SEN3100 
SES5001 
SES5002 


SES5003 
SES5301 
SES5302 
SES5303 
SES5401 
SES5401C 
SES5402 
SES5402C 
SES5403 
SES5403C 


SES5601C 
SES5602C 
SES5603C 
SES5701 
SES5702 
SES5703 
SES5801 
SES5802 
SES5803 
SGR100 


SGR200A 
SGR400A 
SGR600A 
SGR800A 
SGR1000A 
sit 

sl2 

S13 

Si4 

$15 


SI6 
ol7 
318 
SI9 
S110 
SI-1A 
SI-2A 
SI-3A 
SI-4A 
SI-5A 


1-23 


MR504 
MRSO01 
MR850 
MRSO1 
MR851 
MRS02 
MR852 
MR854 
MR504 
MR854 


MRS06 
MR856 
MRS06 
MR856 
MR508 
1N4007 
MR510 
MR510 
MUR105 
MUR110 


MUR115 
SPECIAL 
SPECIAL 
SPECIAL 
MUR805 
MUR1605CT 
MUR810 
MUR1610CT 
MUR815 
MUR1615CT 


SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
1N4002 


1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N5392 
1N5393 
1N5394 
1N5395 
1N5396 


1N5397 
1N5398 
1N5398 
1N5399 
1N5399 
MRSO1 

MR502 
MRS04 
MR504 
MRS06 


RECTIFIER INDEX CROSS-REFERENCE (Continued). 
- Motorola 


industry 7 Direct 
Part Number 


Replacement 


_ Motorola — 
Similar | 
Replacement 


_ Motorola 


| SI-6A MR506 SR711F R711X 
SI-8A MR508 - SR712 © SPECIAL 
SI-10A MR508 - SR712F R712X - 
SI-50E - 1N4001 SR713 SPECIAL - 
SI-100E © 1N4002 SR713F R714X 
SI-200E 1N4003 SR714 SPECIAL 
S!-300E 1N4004 | SR714F R714X 
SI-400E 1N4004 SR716 SPECIAL 
SI-500E 1N4005 SR716F SPECIAL 
S1-600E 1N4005 SR2462 1N4004 
S!-800E 1N4006 SR3502 1N4002 
SI-1000E 1N4007 SR3512 1N4001 
SL3 MR1123 SR3946 1N4005 
SL5 MR1125 SR5005 MR5005 
SL8 MR1128 SR5010 MR5010 
SL10 MR1130 SR5020 MR5020 
SL50 MR1120 SR5030 MR5030 
SL91 1N4002 SR5040 MR5040 
SL92 1N4003 SR6134 1N4003 
SL93 1N4004 SR6323 1N4001 
SL100 MR1121 SR6385 1N4003 
SL200 MR1122 ~ §R6404 1N4006 
SL300 MR1123 SR6560 1N4002 
SL400 MR1124 SR6569 1N4004 
SL500 MR1125 SR6592 1N4006 
SL600 MR1126 SR6593 1N4007 
SL608 1N4006 SRS105 1N4001 
SL610 1N4007 SRS110 1N4002 
SL708 1N4006 SRS120 1N4003 
SL710 1N4007 SRS140 1N4004 
SL800 MR1128 SRS 160 1N4005 — 
SL800X MR1128 SRS 180 1N4006 
SL1000 MR1130 SRS205 MR501 
SL1000X MR1130 SRS210 MR501 
SLA5191 MR501 SRS220 MR502 
SLA5198 MR501 SRS240 MR504 

| SLA5199 MR502 SRS260 MR506 
SLA5200 MR504 SRS280 MR508 
SLA5201 MR506 SRS305 MR501 
SLA-11 1N4001 SRS310 MR501 
SLA-12 1N4002 SRS320 MR502 
SLA-13 1N4003 SRS360 MR506 
SLA-14 1N4004 SRS380 MR508 
SLA-15 — 1N4004 SRS1100 1N4007 
SLA-16 1N4005 SRS2100 MR510 

| SLA-17 1N4005 SRS3100 MR510 
SLA-18 1N4006 SRSFR105 1N4933 
| SLA-19 1N4007 SRSFR110 1N4934 
SLA-21 MR501 SRSFR120 1N4935 
SLA-22 MR501 SRSFR140 1N4936 
SLA-23 | MR502 SRSFR150 1N4937 
SLA-24 MR504 _SRSFR160 1N4937 
SLA-25 MR504 SRSFR180 MR817 
SLA-26 MRS06 -SRSFR205 MR850 
SLA-27 MR506 SRSFR210 MR851 
SLA-28 MR508 -SRSFR220 MR852 
SLA-29 MR510 SRSFR230 MR854 
SR710 SPECIAL SRSFR240 MR854 
SR710F R710X SRSFR250 MR856 
SR711 SPECIAL SRSFR260 MR856 
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. a Motorola 
Industry | Direct Similar . 
Part Number - Replacement Replacement | Page # 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


Motorola | Motorola Motorola Motorola 
Industry Direct Similar Industry . Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 


| SRSFR305 
SRSFR310 
SRSFR320 
SRSFR330 
SRSFR340 
SRSFR350 
SRSFR360 
SRSFR1100 
ST2FR10P 
ST2FR20P 


ST2FR30P 
ST2FR40P 
ST2FR60P 
ST4FR10P 
ST4FR20P 
ST4FR30P 
ST4FR40P 
ST4FR60P 
ST210E 

ST210P 


ST220E 
ST220P 
ST230E 
ST230P 
ST240E 
ST240P 
ST250E 
ST250P 
ST260E 
ST260P 


ST280P — 
ST410P 
ST420P 
ST430P 
ST440P 
ST450P 
ST460P 
S12100P 
SV800 
$V 1000 


T12A6F 
T20A6F 
T30A6F 
T800 
T1000 
T3889 
T3890 
T3891 
T3892 
T3893 


T3899 
T3900 
T3901 
T3902 
T3903 
T3909 
T3910 
T3911 
T3912 
T3913 
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MR850 
MR851 

MR852 
MR854 
MR854 
MR856 
MR856 
MR818 
1N3890 
1N3891 


1N3892 
1N3893 
MR1376 
MR861 
MR862 
MR864 
MR864 
MR866 
1N3209 
MR1121 


1N3210 
MR1122 
1N3211 
MR1123 
1N3212 
MR1124 
1N3213 
MR1125 
1N3214 
MR1126 


MR1128 
1N1184A 


-1N1186A 


1N1187A 
1N1188A 
1N1189A 
1N1190A 
MR1130 
MR330 
MR331 


SPECIAL 
SPECIAL 
SPECIAL 
1N400 
1N4007 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 


SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 


TAS 
TA10 
TA20 
TA40 
TAS0 
TA60 
TA80 
TA100 
TA200 
TA300 


TA400 
TA500 
TA600 
TA800 
TA1000 


TA9225A 


TA9225B 
TA9225C 
TFR105 
TFR110 


TFR120 
TFR140 
TFR305 
TFR310 
TFR320 
TFR340 
TFR605 
TFR610 
TFR620 
TFR640 


TFR1205 
TFR1210 
TFR1220 
TFR1240 
TIRIO1A 
TIR101B 
TIR101C 
TIR101D 
TIR102A 
TIR102B 


TIR102C 
TIR102D 


TIR201A 


TIR201B 
TIR201C 
TIR201D 
TIR202A 
TIR202B 
TIR202C 
TIR202D 


TKS 

TK10 
TK11 
TK20 
TK21 
TK30 
TK40 
TK41 
TK50 
TK60 


1-25 


1N4001 
1N4002 
1N4003 
1N4004 
1N4001 
1N4005 
1N4006 
1N4007 
1N4003 
1N4004 


1N4004 
1N4005 
1N4005 
1N4006 
1N4007 
MUR1510 
MUR1515 
MUR1520 
1N3879 
1N3880 


1N3881 
1N3883 
1N3879 
1N3880 
1N3881 
1N3883 
1N3879 
1N3880 
1N3881 
1N3883 


1N3889 
1N3890 
1N3891 
1N3893 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 


SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 
SPECIAL 


1N4001 
1N4002 
1N4002 
1N4003 
1N4003 
1N4004 
1N4004 
1N4004 
1N4005 
1N4005 


RECTIFIER INDEX CROSS-REFERENCE (Continued) — 


- Motorola Motorola 
Industry ~ Direct Similar 
Part Number Replacement Replacement 


~~ Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


Industry 
Part Number 


TM79 MR1128 
TM84 MR1128 
TM85 MR1128 
TM86 MR1128 
TM88 MR1128 
TM89 MR1128 
TM104 MR1130 
TM105 MR1130 
TM106 MR1130 
TR50 1N248B 


TR53 1N1183A 
TR100 1N249B 
TR103 1N1184 
TR150 1N250B 
TR151 1N3210 
TR152 1N250B 
TR153 1N1186A 
TR200 1N1194 
- TR203 1N1188A 
TR251 1N3211 


TR252 1N3211 
TR253 1N1188A 
TR300 1N3211 
TR301 1N3211 
TR302 1N3211 
TR303 —1N1187 
TR351 1N3212 
TR352 1N1196 
TR353 1N1188A 
TR400 1N1196 


TR401 1N3212 
TR402 1N1196 
TR403 1N1188A 
TR503 1N1189 
TR600 1N1198 
TR601 1N1198 
TR602 1N1198 
TR603 1N1190 
TR1120 MR1120 
TR1121 MR1121 


MR1125,1N1206B 
MR1126,1N1206B 


TR1122 


~ TR1123 


TR1124 
TR1125 
TR1126 
TR1128 
TR1130 
TS3 


MR1122 
MR1123 
MR1124 
MR1125 
MR1126 
MR1128 
MR1130 
1N4933 


TS5 1N4933 
TS10 1N4934 


TS20 1N4935 
TS40 1N4936 


MR1126,1N1206B 
MR1126,1N1206B 


MR1126,1N1206B 
MR1126,1N1206B 


MR1128 
MR1128 
MR1128 
MR1128 


TS50 
TS60 
TS80 
TS-1 


—-TS-2 


TS-4 
TS-05 
TS-6 


-*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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1N4937 
1N4937 
MR817 
1N4002 
1N4003 
1N4004 
1N4001 
1N4005 


RECTIFIER INDEX CROSS-REFERENCE (Continued) 


~ Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement 


~- Motorola Motorola 
industry Direct Similar 
Part Number Replacement Replacement 


TS-8 1N4006 USD820 MBR1035 
TSV 1N4933 USD735 MBR1035 
TW5 1N4001 USD840 MBR1045 
TW10 1N4002 USD845 MBR1045 
TW20 1N4003 USD920 MBR1635 
TW30 1N4004 USD935 MBR1635 
TW40 1N4004 USD940 MBR1645 
TW50 1N4005 USD945 MBR1645 
TW60 1N4005 UT111 1N4001 
TW80 1N4006 UT112 1N4002 
TW100 1N4007 -UT113 1N4003 
UES701 SPECIAL UT114 1N4004 
UES702 SPECIAL UT115 1N4004 
UES703 SPECIAL UT117 1N4005 
UES801 SPECIAL UT118 1N4005 
UES802 SPECIAL UT119 1N4006 
UES803 SPECIAL UT211 1N4004 
UES1001 MUR105 UT212 1N4004 
UES 1002 MUR110 UT213 1N4004 
UES 1003 © MUR115 UT214 1N4005 
UES1101 MUR105 UT215 1N4005 
UES1102 MUR110 UT225 1N4005 
UES1103 MUR115 UT234 1N4003 
UES1301 SPECIAL UT235 1N4004 
UES 1302 SPECIAL UT236 1N4002 
VES 1303 SPECIAL UT237 1N4005 
UES1401 MUR805 UT242 1N4003 
UES1402 MUR810 UT244 1N4004 
UES1403 MUR815 UT245 1N4005 
UES2401 MUR1605CT UT247 1N4005 
UES2402 MUR1610CT UT249 1N4002 
UES2403 MUR1615CT UT251 1N4002 
UES2601 SPECIAL UT252 1N4003 
UES2602 SPECIAL UT254 1N4004 
UES2603 SPECIAL UT25/7 1N4005 
USD320C MBR3020CT UT258 1N4006 
USD335C MBR3035CT UT261 MR501 
USD345C MBR3045CT UT262 MR502 
USD420 MBR3520 UT264 MR504 


USD435 


MBR3535 


UT265 


MR506 


USD445 MBR3545 UT267 MRS06 
USD520 MBR7520 UT268 MR508 
USD535 MBR7535 UT338 1N4005 . 
USD545 MBR7545 UT347 1N4007 
USD620 MBR735 UT361 1N4006 
USD620C MBR1535CT UT362 1N4006 
USD635 MBR735 UT363 1N4007 
USD635C MBR1535CT UT364 1N4007 
USD640 MBR745 UT2005 MR501 
USD640C MBR1545CT UT2010 | MR501 © 
USD645 MBR745 UT2020 MR502 
USD645C MBR1545CT UT2040 MRS04 
USD720 MBR735,MBR1035 UT2060 MR506 
USD720C MBR1535CT UT4005 MR501 
USD735 MBR735,MBR1035 UT4010 MR501 
USD735C MBR1535CT UT4020 MR502 
USD740 MBR745,MBR1045 UT4040 MR504 
USD740C MBR1545CT UT4060 MR506 
USD745 MBR745,MBR1045 UTRO1 1N4933 


|USD745C MBR1545CT UTRO2 1N4933 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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RECTIFIER INDEX CROSS-REFERENCE (Continued) 


_..Motorola =|. Motorola 


VHE1404 


MUR820 


. «Motorola |. -Motorola — — 
| Industry. ~ Direct > Similar Industry |. Direct - Similar 
‘Part Number Replacement | . Replacement Part Number _ Replacement Replacement 
| UTR10 1N4934 | VHE2401 - MUR1605CT 
UTR11 1N4934 VHE2402 MUR1610CT 
UTR12 1N4934 VHE2403 
UTR20 1N4935 VHE2404 
UTR21 1N4935 VSK12 
- UTR22 1N4935 VSK13 MBR1535CT 
UTR40 1N4936 VSK14 MBR1545CT 
UTR41 1N4936 -VSK140 
UTR42 1N4936 VSK51 
UTR50 1N4937 VSK51 MBR6045 
UTR51 1N4937 VSK62 
UTR52 1N4937 VSK63 ene 
UTR60 1N4937 VSK64 MBR745 
UTR61_ 1N4937 VSK320 15820, MBR320P 
UTR62 1N4937 VSK330 1N5821,MBR330P 
UTR2305 MR850 VSK340 1N5822, MBR340P 
UTR2310 MR851 VSK520 
UTR2320 MR852 VSK530 
UTR2340 MR854 VSK540 
UTR2350 MR856 VSK1520 MBR3520 
UTR2360 MR856 VSK1530 - MBR3535 
UTR3305 MR850 VSK1540 © MBR3545 
UTR3310 MR851 VSK3020S MBR3520 
UTR3320 MR852 VSK3020T MBR3020CT 
UTR3340 MR854 VSK3030S MBR3535 
UTR3350 MR856 VSK3030T MBR3035CT 
UTR4305 MR850 VSK3040S MBR3545 
UTR4310 MR851 VSK3040T MBR3045CT 
UTR4320 MR852 VSK4020 MBR6020 
UTR4340 MR854 | VSK4030 MBR6035 
UTR4350 MR856 VSK4040 MBR6045 
UTR4360 MR856 
UTX3105 MR850 
UTX3110 MR851 
UTX3115 MR852 
-UTX3120 MR852 
UTX4105 MR850 
UTX4110 MR851 
UTX4115 MR852 
UTX4120 MR852 
V330 
V330X 
V331 
V331X 
332 
_ | V332x 
~V334° 
V334X 
V336 
V336X 
V338 
V500 MR328 
V600 MR328 
- V800 MR330 
V1000 MR331 
V3310 : 
VHE1401 MUR805 
VHE1402. MUR810 
VHE1403 MUR815 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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ZENER INDEX CROSS-REFERENCE 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


.OM5.6AZ,10,5 


Industry 
Part Number 


.4T5.6,A,B 


THRU THRU 
.4T12,A,B .OM12AZ,10,5 
.4T6.8,A,B .5M6.8Z,10,5 

THRU THRU 
.4T110,A,B .5M110Z,10,5 
.4Z6.8D,10,5 .9M6.82Z,10,5 

THRU THRU 
.4Z110D,10,5 .OM110Z, 10,5 
.5M2.4ZS10,5 | .5M2.4AZ, 10,5 

THRU THRU 
.5M110ZS10,5  |.5M110Z,10,5 
.7JZ6.8,A,B,C,D }1M6.82ZS,10,5,1,2 
~ THRU THRU 


.73Z200,A,B,C,D | 1M200ZS,10,5,1,2 
.7ZM6.8,A,B,C,D | 1M6.8ZS,10,5,1,2 


THRU THRU 
.7Z2M200,A,B,C,D/1M200ZS, 10,5, 1,2 
.2019.6,A .OM5.6210,5 
THRU THRU 
.207110,A .OM110Z10,5 
1.5JZ6.8,A,B,C,D MZG41-6.8A,B 
THRU THRU 


1.5JZ200,A,B,C,D MZG41-200A,B 


Industry 
Part Number 


1.5KE200,A 
1.5KE220 
1.5KE250 
1.5R6.8,A,B 
THRU 
1.5R200,A,B 
1.526.8,A,B,C,D 
THRU 
1.5Z200,A,B,C,D 
1.526.8D,10,5 


THRU 
1.522000, 10,5 
1/2R6.8,A,B 

THRU 
1/2R110,A,B 
1/4L2Z2.2D,10,5 
1/4L26.8D,10,5 
1/4M2.4AZ10 
1/4M2.7AZ10 
1/4M3.0AZ10 


1/4M3.3AZ10 
1/4M3.6AZ10 
1/4M3.9AZ10 
1/4M4.3AZ10 


1.5KE6.8,A 
1.5KE7.5,A 
1.5KE8.2,A 
1.5KE9.1,A 
1.5KE10,A 
1.5KE11,A 


1.5KE12,A 
1.5KE13,A 
1.5KE15,A 
1.5KE16,A 
1.5KE18,A 
1.5KE20,A 
1.5KE22,A 
1.5KE24,A 
1.5KE27,A 
1.5KE30,A 


1.5KE33,A 


1.5KE6.8,A 
1.5KE7.5,A 
1.5KE8.2,A 
1.5KE9.1,A 
1.5KE10,A 
1.5KE11,A 


1.5KE12,A 
1.5KE13,A 
1.5KE15,A 
1.5KE16,A 
1.5KE18,A 
1.5KE20,A 
1.5KE22,A 
1.5KE24,A 
1.5KE27,A 
1.5KE30,A 


1.5KE33,A 


1/4M4.7AZ10 
1/4M5.1AZ10 
1/4M5.6AZ10 
1/4M6.2AZ10 
1/4M6.8AZ10 
1/4M7.5AZ10 


1/4M8.2AZ10 
1/4M9.1AZ10 
1/4M10AZ10 
1/4M11AZ10 
1/4M12AZ10 
1/4M13AZ10 
1/4M14AZ10 
1/4M15AZ10 
1/4M16AZ10 
1/4M17AZ10 


1/4M18AZ10 


1.5KE36,A 
1.5KE39,A. 
1.5KE43,A 
1.5KE47,A 
1.5KE51,A 
1.5KE56,A 
1.5KE62,A 
1.5KE68,A 
1.5KE/5,A 


1.5KE82,A 

1.5KE91,A 

1.5KE100,A 
1.5KE110,A 
1.5KE120,A 
1.5KE130,A 
1.5KE150,A 
1.5KE160,A 
1.5KE170,A 
1.5KE180,A 


1.5KE100,A 
1.5KE110,A 


1.5KE170,A 
1.5KE180,A 


1/4M19AZ10 
1/4M20AZ10 
1/4M22AZ10 
1/4M24AZ10 
1/4M25AZ10 
1/4M27AZ10 
1/4M30AZ10 
1/4M33AZ10 
1/4M36AZ10 


1/4M39AZ10 
1/4M43AZ10 
1/4M45AZ10 
1/4M47AZ10 
1/4M50AZ10 
1/4M52AZ10 
1/4M56AZ10 
1/4M62AZ10 
1/4M68AZ10 
1/4M75AZ10 


1-29 


Motorola 
Direct 
Replacement 


1.5KE200,A 
1.5KE220 
1.5KE250 


1.5M6.8Z,10,5 


THRU 
1.5M200Z,10,5 
.OM6.82Z,10,5 


| THRU 


.OM110Z,10,5 


1/4M2.4AZ10 
1/4M2.7AZ10 
1/4M3.0AZ10 


1/4M3.3AZ10 
1/4M3.6AZ10 
1/4M3.9AZ10 
1/4M4.3AZ10 
1/4M4.7AZ10 
1/4M5.1AZ10 
1/4M5.6AZ10 
1/4M6.2AZ10 
1/4M6.8AZ10 
1/4M7.5AZ10 


1/4M8.2AZ10 
1/4M9.1AZ10 
1/4M10AZ10 
1/4M11AZ10 
1/4M12AZ10 
1/4M13AZ10 
1/4M14AZ10 
1/4M15AZ10 
1/4M16AZ10 
1/4M17AZ10 


1/4M18AZ10 
1/4M19AZ10 
1/4M20AZ10 
1/4M22AZ10 
1/4M24AZ10 
1/4M25AZ10 


‘| 1/4M27AZ10 


1/4M30AZ10 
1/4M33AZ10 
1/4M36AZ10 


1/4M39AZ10 
1/4M43AZ10 
1/4M45AZ10 
1/4M47AZ10 
1/4M50AZ10 
1/4M52AZ10 
1/4M56AZ10 
1/4M62AZ10 
1/4M68AZ10 
1/4M75AZ10 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


Motorola 
Similar 
Replacement 


MZG41-6.8A,B 
THRU 

MZG41-200A,B 

MZG41-6.8A,B 


| THRU 


MZG41-200A,B 


OM2.2AZ10,5 
.OM6.8AZ10,5 


ZENER INDEX CROSS-REFERENCE (Continued) 


1/4M82AZ10 
-1/4M91AZ10 
1/4M100AZ10 
1/4M105Z10 
1/4Z6.8D,10,5 
THRU 
1/4Z110D,10,5 
1D3.3,A,B 
THRU 
1D6.2,A,B 


1D6.8,A,B 

THRU 
1D200,A,B 
1EZ110D5 
1EZ120D5 
1EZ130D5 
1EZ140D5 
1EZ150D5 
1EZ160D5 
1EZ170D5 


1EZ180D5 

1EZ190D5 

1EZ200D5 

1M110ZS10 
1M120ZS10 
1M130ZS10 
1M150ZS10 
1M1602S10 
1M170ZS10 
1M180ZS10 


1M200ZS 10 
1N370 
1N371 
1N372 
1N373 
1N374 
1N375 
1N376 
1N377 
1N378 


1N379 
1N380 
1N381 
1N382 
1N383 
1N384 
1N385 
1N386 
1N387 
1N430 


1N430A 
1N430B 
1N465 
1N465A 
1N466 
1N466A 
1N467 
1N467A 
1N468 
1N468A 


1/4M82AZ10 
1/4M91AZ10 
1/4M100AZ10 
1/4M105210 


THRU 


THRU 


THRU 


1M110ZS5 
1M120ZS5 
1M130ZS5 
1M140ZS5 
1M1502S5 
1M160ZS5 
1M170ZS5 


1M180ZS5 

1M190ZS5 

1M200ZS5 

1M110ZS10 
1M120ZS 10 
1M1302ZS 10 
1M150ZS 10 
1M160ZS 10 
1M170ZS10 
1M1802ZS 10 


1M200ZS 10 


1N5221B 
IN5221A: 
1N5225A 
1N5227A 
1N5229A 
1N5230A 
1N5233A 
1N5236A 
1N5238A 


1N5240A 
1N5243A 
1N5246A 
1N5249A 
1N5252A 
1N5255A 
1N5258A 
1N5260A 


1N3156 


1N3157 

1N3157A 
1N5223A 
1N5223B 
1N5226A 


1N5228B 
1N5228B 
1N5230A 
1N5230B 


5M6.8Z10,5 


.OM110Z10,5 | 
1M3.3ZS,10,5 


1M6.2ZS,10,5 
1M6.8ZS,10,5 


1M200ZS, 10,5 


1N5261A 


1N5226B — 


“1N469 
1N469A 
1N470 
| 1N470A 
1N664 
1N665 
1N666 
1N667 
1N668 
1N669 


1N670 
1N671 
1N672 
| 1N674 
1N675 
1N702* 
THRU 
1N745 
1N702A-0* 


THRU 
1N702A-9 
1N703A-0* 

THRU 
1N703A-6 
1N704A-0* 

THRU 
1N704A-5 
1N705A-0* 

THRU 


1N705A-8 
1N706A-0* 
THRU 
1N706A-9 
{N707A-0* 
THRU 
1N707A-7 
1N746 
1N747 
1N748 


1N749 
1N750 
1N751 
1N752 
1N753 
1N754 
1N755 | 
1N756 
1N757 
1N758 


| 1N759 

1N761,-1,-2* 

| 1N761-69* 
1N762,-1,-2* 

1N763,-1,-2,-3* 

1N764,-1* 
THRU 

1N764,-4 

| 1N765,-1,-2* 

1N766,-1,-2,-3* 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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- Motorola Motorola | Motorola ~ Motorola 
Industry Direct Similar = Industry | ‘Direct — Similar 
Part Number Replacement Replacement | Page # | | Part Number Replacement - Replacement 


1N5232B 
1N5232B 
1N5235B 
1N5235B 
1N5237A 
1N5242A 
1N5245B 
1N5248A 
1N5251A 
1N5254A 


1N5266B 
1N5271A 
1N5276A 
1N5230A 
1N5234B 


1N702 
THRU 

1N745 

1N702A-0 


THRU 
1N702A-9 
1N703A-0 

THRU 
1N703A-6 
1N704A-0 

THRU 
1N704A-5 
1N705A-0 

THRU 


1N705A-8 
1N706A-0 
THRU 
1N706A-9 
1N707A-0 
THRU 
1N707A-7 
1N746 
1N747 
1N748 


1N749 
1N750 
1N751 
1N752 
1N753 
1N754 
1N755 
1N756 
1N757 
1N758 


1N759 
1N/61,-1,-2 
1N761-69 
1N762,-1,-2 
1N763,-1,-2,-3 
1N764,-1 
THRU 
1N764,-4 
1N765,-1,-2 
1N766,-1,-2,-3 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola 


Motorola Motorola 
Industry Direct Similar industry Direct Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 


1N767,-1,-2,-3* | 1N767,-1,-2,-3 


1N976A 
1N768,-1,-2,-3* } 1N768,-1,-2,-3 aor NgTTA 
1N769,-1* 1N769,-1 1N978A. 1N978A 
| THRU THRU 1N979A_ 1N979A 
1N769,-4 1N769,-4 1N980A 1N980A 
1N816 1N981A IN981A 
1N821 IN821 1N982A 1N982A 
moet ees 1N983A 1N983A 
INees ie 1N984A 1N984A 
1N823A 1N823A . 
-1N@05 1N825 1N985A 1N985A 
{N825A {N825A 1N986A 1N986A 
eee 1N987A 1N987A 
1N988A 1N988A 
1N827 1N827 
1N827A 1N827A IN989A 1N989A 
4N828 1N990A 1N990A 
1N991A 1N991A 
1N829 1N829 
1N992A 1N992A 
1N829A 1N829A . 
1N1313 1N4102 
1N935 1N935 N1313A 
1N935A | 1NQ35A IN1313 1N4102 
1N935B 1N935B 1N1314 1/4M10.5Z10 
1N1314A 1/4M10.5Z5 
1N936 1N936 
1N1315 1/4M12.75Z210 
1N936A 1N936A : 
1N1315A 1/4M12.7525 
1N936B 1N936B 
1N1316 1/4M15.75Z10 
1N937 1N937 
1N1316A 1/4M15.75Z5 
1N937A 1N937A 
1N1317 1N4113 
1N937B 1N937B 
3 1N1317A 1N4113 
1N938 1N938 
. 1N1318 1/4M23.5210 
1N938A 1N938A 
1N938B 1N938B 1N1318A 1/4M23.525 
1N939 1N939 1N1319 1/4M28.5210 
1N1319A 1/4M28.525 
1 1N939A 1N939A 
1N939B 1N939B 1N1320 1/4M34.5210 
1N1320A 1/4M34.525 
1N941 1N941 
1N1321. 1/4M41Z10 
1N941A 1IN941A | 
1N1321A 1/4M41Z5 
1N941B 1N941B 
1N1322 1/4M 45.521 
1N942 1N942 
1N1322A 1/4M 48.525 
1N942A 1N942A 
1N1323 1/4M58Z10 
1N942B 1N942B 
1N943 1N943 1N1323A 1/4M58Z5 
1N943A_ 1N943A 1N1324 1/4M71Z10 
1N1324A 1/4M71Z25 
1N943B 1N943B 
1N1325 1/4M87.5Z10 
1N944 1N944 
1N1325A — 1/4M87.525 
1N944A 1N944A 
1N1326 .4M1052Z10 
1N944B 1N944B 
1N1326A .4M10525 
1N945 1N945 
> A 1N1327 .4M127.5Z10 
1N945A 1N945A 
1N1327A .4M127.525 
1N945B 1N945B 
1N1351 1N2974A 
1N957A 1N957A 
1N958A 1N958A 1N1351A 1N2974B 
1N959A 1N959A 1N1352 1N2975A 
: 1N1352A 1N2975B 
1N960A | 1N960A 
1N1353 1N2976A 
1IN961A 1IN961A 
1N1353A 1N2976B 
1N962A | 1N962A 
1N1354 1N2977A 
1N963A 1N963A 
1N1356 1N2980A 
1N964A 1N964A 
1N1356A 1N2980B 
1N965A 1N965A 
1N1357 1N2982A 
1N966A 1N966A . BO 
1N967A 4{NO67A 1N1357A 1N2982 


J 1N1358 1N2984A 


THRU THRU | 
1N975A 1N975A < 


- *These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-31 


Industry 


1N1359 
1N1359A - 
1N1360 
1N1360A 
1N1361 
1N1361A 
1N1362 
1N1362A_- 
1N1363 


1N1363A 
1N1364 


1N1365 
1N1365A 
1N1366 
1N1366A 
1N1367 
| 1N1367A 


7 1N1368 


1N1368A 
1N1369 
1N1369A 
1N1370 
1N1370A 
1N1371 
1N1371A 
1N1372 
1N1372A 
1N1373 


1N1373A 
1N1374 
1N1374A 
1N1375 
1N1375A 
1N1416 
1N1417 
1N1418 
1N1419 
1N1420 


1N1421 
1N1422 
1N1423 
-1N1424 
1N1425 
1N1426 
1N1427 
1N1428 
1N1429 
1N1430 


1N1431 
1N1432 
1N1433 


7 1N1482 


1N1483 
1N1484 
1N1485 
1N1507 
1N1507A 


1 1N1508 


Part Number 
1N13584 


1N1364A . . 


Motorola =|... Motorola 
Direct -s- Similar 


Replacement . 


1N2986A 
] 1N2986B 
1N2988A 
1N2988B 
1N2989A 
1N2989B 
1N2990A 
1N2990B 


1N2991A 
1N2991B 


1N2992B 
1N2993A 


1N2995A 
1N2995B 
1N2997A 


1N2997B 
-1N2999A 
1N2999B 
1N3000A 
1N3000B 
1N3001A 
1N3001B 


1N3002B 


1N3003B 
1N3004A 
1N3004B 
1N3005A 
| 1N3005B 
1N2972B 
1N2976B 
1N2979B 
1N2982B 


1N2988B 
1N3001B 
1N3005B 
1N3011B 
1N4738A 
1N4742A 
1N4744A 


1N4748A 
1N4750A 


1N4760A 
| 1N4764A 


1N3995A 
1N3998A 


_ | 1N4730 
| 1N4730A 
1N4732 


_ Replacement 


| 1N2984B 
1N2985A 
1N2985B 


1N2992A . 


1N2993B - 


1N3002A © 
1N3003A_ 


1N2985B . 


1N4746A | 


1M150ZS5 


1N4732A 
| 1N4735A — 


ZENER INDEX CROSS-REFERENCE (Continued) «~ 


Industry 


|. 1N1508A | 
-1N1509 
1N1509A 
1N1510 
1N1510A 

4 1N1511 
1N1511A 
1N1512 
1N1512A 
1N1513 


~1N1513A 
1N1514 

~1N1514A 
1N1515 


1N1516 
1N1516A 
1N1517 
1N1517A 
1N1518 


1N1518A 
~1N1519 

1N1519A 
1N1520 | 
1N1520A 
1N1521 

1N1521A 
1N1522. 
1N1522A 
1N1523 


1N1523A 
1N1524 
1N1524A 
1N1525 
1N1525A 
1N1526 
1N1526A 
1N1527 
1N1527A 
1N1528 


1N1528A 
1N1530 
1N1530A 
1N1588 
1N1588A 
-1N1589 
1N1589A 
1N1590 
1N1590A 


1N1591A 
1N1592 
1. 1N1592A 
-1N1593 
-1N1593A 
1N1594 
1N1594A 
1N1595 
| 1N1595A 
- | | 1N1596- 
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Part Number - | Replacement 


IN1515A © 


1N1591. 


Motorola 
_ Direct 


Similar 
Replacement 


1N4732A 
1N4734 
1N4734A 
1N4736 
1N4736A 
1N4738 
1N4738A 
1N4740 - 
1N4740A 
1N4742 


1N4742A 
1N4744 
1N4744A 
1N4746 
1N4746A 
1N4748 
1N4748A © 
1N4750 
1N4750A - 
1N4730 


1N4730A 
1N4732 
1N4732A 
1N4734 
1N4734A 
1N4736 
1N4736A 
1N4738 
1N4738A 
1N4740 


1N4740A 
1N4742 
1N4742A 
1N4744 
1N4744A 
1N4746 
1N4746A 
1N4748 
1N4748A 
1N4750 


1N4750A 
1N3156 
1N3157 
1N3993A 
1N3993A 
1N3995A 
1N3995A 
1N3997A 
1N3997A 
1N2970RA 


1N2970RB 
1N2972RA 
1N2972RB 
1N2974RA 
1N2974RB 
1N2976RA 
1N2976RB 
1N2979RA 
1N2979RB 
1N2982RA 


Motorola 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola 
Direct 
Replacement 


Motorola 
Similar 
Replacement 


Motorola Motorola 
Industry Direct Similar 
Replacement 


Industry | 


Part Number Part Number Repiacement 


1N1596A 
1N1597A 
1N1598 
1N1598A 
1N1599 
1N1599A 
1N1600 
1N1600A 
1N1601 
1N1601A 


1N1602 
1N1602A 
1N1603 
1N1603A 
1N1604 
1N1604A 
1N1605 
1N1605A 
1N1606 
1N1606A 


1N1607 
1N1607A 
1N1608 
1N1608A 
1N1609 
1N1609A 
1N1735 
1N1736 
1N1736A 
1N1743 


1N1744 
1N1765 
1N1765A 
1N1766 
1N1766A 
1N1767 
1N1767A 
1N1768 
1N1768A 
1N1769 


1N1769A 
| 1N1770 
1N1770A 
1N1771 
1N1771A 
1N1772 
1N1772A 
1N1773 
1N1773A 
1N1774 


1N1774A 
1N1775 
1N1775A 
1N1776 
1N1776A 
1N1777 
1N1777A 
1N1778 
1N1778A 
1N1779 


1N2982RB 
1N2985RB 
1N2988RA 
1N2988RB 
1N3993A 
1N3993A 
1N3995A 
1N3995A 
1N3997A 
1N3997A 


1N2970RA 
1N2970RB 
1N2972RA 
1N2972RB 
1N2974RA 
1N2974RB 
1N2976RA 
1N2976RB 
1N2979RA 
1N2979RB 


1N2982RA 
1N2982RB 
1N2985RA 
1N2985RB 
1N2988RA 
1N2988RB 
1N823 
1N941A 
1N942A 
1N2974A 


1N4740 
1N4734 
1N4734A 
1N4735 
| 1N4735A 
| 1N4736 
1N4736A 
1N4737 
1N4737A 
1N4738 


1N4738A 
1N4739 


1N4740 
1N4740A 
1N4741 
1N4741A 
1N4742 
1N4742A 
1N4743 


1N4743A 
1N4744 
1N4744A 
1N4745 
1N4745A 
1N4746 
1N4746A 
1N4747 
1N4747A 
1N4748 


1N4739A_ 


1N1779A 
1N1780 
1N1780A 
1N1781 
1N1781A 
1N1782 
1N1782A 
1N1783 
1N1783A 
1N1784 


1N1784A 
1N1785 
1N1785A 
1N1786 
1N1786A 
1N1787 
1N1787A 
-1N1788 
1N1788A 
1N1789 


1N1789A 
1N1790 
1N1790A 
1N1791 


1 1N1791A 


1N1792 
1N1792A 
1N1793 
1N1793A 
1N1794 


1N1794A 
1N1795 
1N1795A 
1N1796 
1N1796A 
1N1797 
1N1797A 
1N1798 
1N1798A 
1N1799 


1N1799A 
1N1800 
1N1800A 
1N1801 
1N1801A 
1N1802 
1N1802A 
1N1803 
1N1803A 
1N1804 


1N1804A 
1N1805 
1N1805A 
1N1806 
1N1806A 


| 1N1807 


1N1807A 
1N1808 
1N1808A 
1N1809 
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1N4748A 
1N4749 
1N4749A 
1N4750 
1N4750A 
1N4751 
1N4751A 
1N4752 
1N4752A 
1N4753 


1N4753A 
1N4754 
1N4754A 
1N4755 
1N4755A 
1N4756 
1N4756A 
1N4757 
1N4757A 
1N4758 


1N4758A 
1N4759 
1N4759A 
1N4760 
1N4760A 
1N4761 
1N4761A 
1N4762 
1N4762A 
1N4763 


1N4763A 
1N4764 
1N4764A 
1M110ZS10 
1M110ZS5 
1M120ZS10 
1M120ZS5 
1M130ZS10 
1M130ZS5 
1M1502ZS 10 


1M150ZS5 
1M160ZS10 
1M160ZS5 
1M1802ZS10 
1M180ZS5 
1M2002ZS10 
1M200ZS5 
1N3997RA 
1N3997RA 
IN3998RA 


IN3998RA 
1N2970A 
1N2970B 
1N2971A 
1N2971B 
1N2972A 
1N2972B 
1N2973A 
1N2973B 
1N3007A 


ZENER INDEX CROSS-REFERENCE (Continued) 


% Motorola - Motorola 
Industry Direct - Similar 
| Part Number Replacement | Replacement ~ 


Motorola 
Direct 


Motorola 
Similar 
Replacement 


Industry 
Part Number 


1N1810 
1N1810A 
1N1811 
1N1811A: 
1N1812: 
1N1812A 
1N1813 
1N1813A 


}1N1814 © 


1N1814A 
1N1815° 
1N1815A 
1N1816 
1N1816A 
1N1816C 
-1N1816CA 

1N1817 
1N1817A 


| 1N1817C 


1N1817CA 
1N1818 
1N1818A 
1N1818C 
1N1818CA 
1N1819 
1N1819A 
1N1819C 
1N1819CA 
1N1820 


1N1820A 
1N1820C 
1N1820CA 
1N1821 
1N1821A 
1N1821C 
1N1821CA 
1N1822 
1N1822A 
1N1822C 


1N1822CA 
1N1823 
1N1823A 
1N1823C 
-1N1823CA 
1N1824 
1N1824A 


1N1824CA 
1N1825 


) 1N1825A 
1N1825C° 
1N1825CA 
1N1826 © 
1N1826A 
1N1826C 
.1N1826CA 
-1N1827 
1N1827A 
1N1827C. 


1N1809A 


-1N1824C 


Replacement j. 


1N3007B 
1N3008A 
1N3008B 
{N3009A 
1N3009B 
1N3O11A 
1N3011B 
1N3012A 
1N3012B 
1N3014A 


1N3014B 
1N3015A 
1N3015B 
1N2977A 
1N2977B 
10M13ZZ10 
10M13Z2Z5 
1N2979A 
1N2979B 
10M152Z2Z10 


10M15Z2Z5 
1N2980A 
1N2980B 
10M16ZZ10 
10M1622Z5 
1N2982A 
1N2982B 
10M182Z10 
10M18Z2Z5 
1N2984A 


1N2984B 
10M202Z10 
10M20ZZ5 © 
1N2985A 
1N2985B 
10M22Z2Z10 
10M22Z2Z5 
1N2986A 
1N2986B 

| 10M24ZZ10 


1N2988A 
1N2988B 
10M27Z2Z10 
10M27ZZ5 
1N2989A 
1N2989B 
10M302Z210 
10M30ZZ5 
1N2990A 


1N2990B 
10M33ZZ10 
10M33ZZ5 
1N2991A 
1N2991B 


10M36ZZ5 
1N2992A 

1N2992B _ 
10M39ZZ10 


10M24ZZ5 — 


10M36ZZ10 


| 1N1827CA 


1N1828 
-1N1828A 


| 1N1828C 


1N1828CA 
1N1829 


| 1N1829A 


1N1829C 
1N1829CA 
1N1830 


1N1830A 


| 1N1830C 
| 1N1830CA 


1N1831 
1N1831A 
1N1831C 
1N1831CA 
1N1832 
1N1832A 
1N1832C 


1N1832CA 
1N1833 
1N1833A 
1N1833C 
1N1833CA 
1N1834 
1N1834A 
1N1834C 
1N1834CA 
1N1835 


1N1835A 
1N1835C 
1N1835CA 
1N1836 
1N1836A 
1N1836C 
1N1836CA 
1N1876 
1N1877 
1N1878 


1N1879 
1N1880 
1N1881 
1N1882 
1N1883 
1N1884 
1N1885 


-1N1886 


1N1887 
1N1888 


1N1889 
1N1890 
1N1891 
1N1892 
1N1893 


| 1N1894 


1N1895 
1N1896 
1N1897 
1N1898 
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10M39ZZ5 
1N2993A 


-1N2993B 


10M43ZZ10 
10M43ZZ5 
1N2995A 
1N2995B 
10M47ZZ10 


| 10M47ZZ5 


1N2997A 


1N2997B 
10M51ZZ10 
10M51ZZ5 


1N2999A 
| 1N2999B 


10M56ZZ10 
10M56ZZ5 
1N3000A 


| 1N3000B 


10M62ZZ10 | 


10M62ZZ5 
1N3001A 
1N3001B 
10M68ZZ10 
10M68ZZ5 
1N3002A 
1N3002B 
10M75ZZ10 
10M752ZZ5 
1N3003A 


1N3003B 
10M82ZZ10 
10M82Z725 
1N3004A 
1N3004B 
10M91ZZ10 
10M91ZZ5 
1N4740 
1N4742 
1N4744 


1N4746 © 
1N4748 
1N4750 
1N4752 
1N4754 
1N4756 | 
1N4758 
1N4760 
1N4762 
1N4764 


1M1202310 
1M150Z$10 
1N2972A 
1N2974A 
1N2976A 
1N2979A 
1N2982A 
1N2985A 
1N2988A 
1N2990A 


Motorola 
Similar 
Replacement 


Motorola 
Direct 
Replacement 


Motorola Motorola 
Industry Direct Similar 
Replacement | 


Industry 


Part Number Part Number Replacement 


1N1899 
1N1900 
1N1901 
1N1902 
1N1903 
1N1904 
1N1905 
1N1906 
1N1927 
1N1928 


1N1929 
1N1930 
1N1931 
1N1932 
1N1933 
1N1934 
1N1935 
1N1936 
1N1937 
1N1938 


1N1939 
1N1940 
1N1941 
1N1942 
1N1943 
1N1944 
1N1945 
1N1946 
1N1947 
1N1954 


1N1955 
1N1956 
1N1957 
1N1958 
1N1959 
1N1960 
1N1961 
1N1962 
1N1963 
1N1964 


1N1965 
1N1966 
1N1967 
1N1968 
1N1969 
1N1970 
1N1971 
1N1972 
1N1973 
1N1974 


1N1981 
1N1982 
1N1983 
1N1984 
1N1985 
1N1986 
1N1987 
1N1988 
1N1989 
1N1990 


1N2992A 
IN2995A 
1N2999A 
1N3001A 
1N3003A 
1N3005A 
1N3008A 
IN3011A 
1N5228A 
1N5230A 


1N5232A 
1N5235A 
1N5237A 
1N5240A 
1N5242A 
1N5245A 
1N5248A 
1N5251A 
1N5254A 
1N5257A 


1N5259A 
1N5261A 
1N5263A 
1N5266A 
1N5268A 
1N5271A 
1N5273A 
1N5276A 
1N5279A 
1N5228A 


1N5230A 
1N5232A 
1N5235A 
1N5237A 
1N5240A 
1N5242A 
1N5245A 
1N5248A 
| 1N5251A 

1N5254A 


1N5257A 
1N5259A 
1N5261A 
1N5263A 
1N5266A 
1N5268A 
1N5271A 
1N5273A 
1N5276A 
1N5279A 


1N5228A 
1N5230A 
1N5232A 
1N5235A 
1N5237A 
1N5240A 
1N5242A 
1N5245A 
1N5248A 
IN5251A 


1N1991 
1N1992 
1N1993 
1N1994 
1N1995 
1N1996 
1N1997 
1N1998 
1N1999 
1N2000 


1N2001 
1N2008 
1N2008C 
1N2008CA 
1N2009 
1N2009C 
1N2009CA 
1N2010 
1N2010C 
1N2010CA 


1N2011 
1N2011C 
1N2011CA 
1N2012 
1N2012A,AR 
1N2012C 
1N2012CA 
1N2032 
1N2033 
1N2034 


1N2035 
1N2036 
1N2037 
1N2038 
1N2039 
1N2040 
1N2041 
1N2042 
1N2043 
1N2044 


1N2045 
1N2046 
1N2047 
1N2048 
1N2049 
1N2387 
1N2498 
1N2498A 
1N2498C 


| 1N2498CA 


1N2499 
1N2499A 
1N2499C 
1N2499CA 
1N2500 
1N2500A 
1N2500C 


| 1N2500CA 


1N2625 
1N2625A — 
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1N5254A 
1N5257A 
1N5259A 
1N5261A 
1N5263A 
1N5266A 
1N5268A 
1N5271A 
1N5273A 
1N5276A 


1N5279A 
1N3005A 
10M1002Z2Z 10 
10M100ZZ5 
1N3007A 
10M1102Z10 
10M1102Z2Z5 
1N3008A 
10M 1202210 
10M1202Z25 


1N3009A 
10M130ZZ10 
10M 130225 
1N3011A 
1N3011B 
10M1502Z10 
10M 150225 
1N4732 
1N4734 
1N4736 


1N4739 
1N4740 
1N4743 
1N4745 
1N4747 
1N4749 
1N3995A 
1N3997A 
1N2970RA 
1N2973RA 


1N2974RB 
1N2977RA 
1N2980RA. 
1N2983RA 
1N2986RA 
1N4751 
1N2974A 
1N2974B 
10M10ZZ10 
10M10ZZ5 


1N2975A 
1N2975B 
10M112Z10 
10M11ZZ5 
1N2976A 
1N2976B | 
10M12ZZ10 
10M 12225 
1N937 
1N937A 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola 


Motorola 


: Motorola Motorola -_ , 
Industry ~ Direct Similar Industry Direct Similar 
Part Number Replacement Replacement - Part Number Replacement Replacement 

1N2625B = 


1N2829RA 1N2829RA 


1N2626 


1N2830A 1N2830A. 
1N2626A 1N2830RA 1N2830RA 
1N2626B 1N2831A 1N2831A 
1N2765 1N2831RA 1N2831RA 
1N2765A 1N2832A _ 1N2832A 
1N2766 1N2832RA 1N2832RA 
1N2766A 1N2833A 1N2833A 
Ne 1N2833RA 1N2833RA 
| 1N2834A 
1N2804A 1N2804A | oe ee 
1N2834RA 1N2834RA 
1N2804RA 1N2804RA 1N2835A 1N2835A 
1N2805A 1N2805A 1N2835RA _ 1N2835RA — 
1N2805RA 1N2805RA 1N2836A 1N2836A 
1N2806A 1N2806A 1N2836RA 1N2836RA 
1N2806RA 1N2806RA 1N2837A {1N2837A 
1N2807A 1N2807A 1N2837RA 1N2837RA 
1N2807RA 1N2807RA 4N2838A {N2838/A 
1N2808A 1N2808A 1N2838RA 1N2838RA 
1IN2808RA 1N2808RA 1N2839A 41N2839A 
aie ieee 1N2830RA | 1N2839RA 
1N2809RA 1N2809RA 1N2840A 1N2840A 
1N2810A 1N2810A | 
| : 1N2840RA 1N2840RA 
1N2810RA 1N2810RA 1N2841A 1N2841A 
1N2811A 1N2811A f 
1N2841RA 1N2841RA 
1N2811RA 1N2811RA 1N2842A 1N2842A 
1N2812A 1N2812A . 
oscen 1N2842RA 1N2842RA 
| 1N2812RA | 
; 1N2843A 1N2843A 
/ 1N2813A 1N2813A | 
| 1N2843RA 1N2843RA 
IN2813RA 1N2813RA 1N2844A 1N2844A 
11N2814A 1N2814A | 
1N2814RA 1N2814RA roel onal 
1N2815A 1N2815A 
eee pen 1N2845RA 1N2845RA 
} 1N2846A 1N2846A 


1N2816A 
1N2816RA 
1N2817A 


1N2816A 
1N2816RA 
1N2817A 


1N2846RA 
1N2937 


1N2846RA 


1N2817RA 1N2817RA rset boy 
1N2970RA 1N2970RA 
1N2818A 1N2818A 
| 1N2971A 1N2971A 
Deven aNESIORS IN2971RA | 1N2971RA 
1N2819A 1N2819A 
1N2819RA _—*|1N2819RA kcecece, “Wie 
1N2972RA 1N2972RA 
-|1N2820A 1N2820A . 
| 1N2973A 1N2973A 
1N2820RA | 1N2820RA. | 
| 1N2973RA 1N2973RA 
1N2821A 1N2821A 
| 1N2974A 1N2974A 
1N2821RA ‘| 1N2821RA 
1N2974RA 1N2974RA 
1N2822A 1N2822A 
, 1N2975A 1N2975A 
1N2822RA —-| 1N2822RA | 
| | 1N2975RA 1N2975RA 
1N2823A 1N2823A ) 
| : 1N2976A 1N2976A 
! oe eee 1N2976RA ‘| 1N2976RA 
, 1N2824A 1N2824A 
: 1N2824RA | 1N2824RA ae bareaila 
| 1N2977RA 1N2977RA 
: eee ‘eee 1N2978A 1N2978A 
1N2825RA 
Ne | 1N2978RA 1N2978RA 
| coe 1N2979A 1N2979A 
: Het 1N2979RA 1N2979RA 
: gener | | 1N29804 1N2980A 
| | 1N2980RA 1N2980RA. 
| 1N2828A | : 
| REA ; 1N2981A 1N2981A 
| Nea) Dea : 1N2981RA 1N2981RA 
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ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola 


Industry 


1N2982A 
1N2982RA 
1N2983A 
1N2983RA 
1N2984A 
1N2984RA 
1N2985A 
IN2985RA 
1N2986A 
IN2986RA 


1N2987A* 
1N2987RA* 
1N2988A 
1N2988RA 
1N2989A 
1N2989RA 
1N2990A 
1N2990RA 
1N2991A 
1N2991RA 


1N2992A 
1N2992RA 
1N2993A 
1N2993RA 
1N2994A* 

| 1N2994RA* 
1N2995A* 
1N2995RA* 
1N2996A 
1N2996RA 


1N2997A 
1N2997RA 
1N2998A 
1N2998RA 
1N2999A* 
1N2999RA* 
1N3000A 
1N3000RA 
1N3001A 
1N3001RA 


1N3002A 
1N3002RA 
1N3003A 
1N3003RA 
1N3004A 
1N3004RA 
1N3005A 
1N3005RA 
1N3006A 
1N3006RA 


/1N3007A 
1N3007RA 
1N3008A 
1N3008RA 
1N3009A 
1N3009RA 
1N3010A 
1N3010RA 
1N3011A 
1N3017RA 


Part Number 


Direct 


1N2982A 
1N2982RA 
1N2983A 
1N2983RA 
1N2984A 
1N2984RA 
1N2985A 
1N2985RA 
1N2986A 
1N2986RA 


1N2987A 
1N2987RA 
1N2988A 
1N2988RA 
1N2989A 
1N2989RA 
1N2990A 
1N2990RA 
1N2991A 
1N2991RA 


1N2992A 
1N2992RA 
1N2993A 
1N2993RA 
1N2994A 
1N2994RA 
1N2995A 
1N2995RA 
1N2996A 
1N2996RA 


1N2997A 
1N2997RA 
1N2998A 
1N2998RA 
1N2999A* 
1N2999RA* 
1N3000A 
1N3000RA 
1N3001A 
1N3001RA 


1N3002A 
1N3002RA 
1N3003A 
1N3003RA 
1N3004A 
1N3004RA 
1N3005A 
1N3005RA 
1N3006A 
1N3006RA 


1N3007A 
1N3007RA 
1N3008A 
1N3008RA 
1N3009A 
1N3009RA 
1N3010A 
1N3010RA 
1N3011A 
1N3011RA 


Replacement 


Industry 


1N3012A 
1N3013A* 
1N3014A 
1N3015A 


1N3016A 
1N3017A 


1N3018A 
1N3019A 
1N3020A 
1N3021A 
1N3022A 
1N3023A 
1N3024A 
1N3025A 
1N3026A 
1N3027A 


1N3028A 
~-1N3029A 
1N3030A 
1N3031A 
1N3032A 
1N3033A 
1N3034A 
1N3035A 
1N3036A 
1N3037A 


1N3038A 
1N3039A 
1N3040A 
1N3041A 
1N3042A 
1N3043A 
1N3044A 
1N3045A 
1N3046A 
1N3047A 


1N3048A 
1N3049A 
1N3050A 
1N3051A 
1N3098,A 
1N3099,A 
1N3100,A 
1N3101,A 
1N3102,A 
1N3103,A 


1N3104,A 
1N3105,A 
1N3112 
1N3148 
1N3154 
1N3154A 
1N3155 
1N3155A 
1N3156 
1N3156A 


Part Number 


1N3012RA 
1N3013RA* 
1N3014RA 
1N3015RA 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


1N3012A 
1N3012RA 
1N3013A 
1N3013RA 
1N3014A 
1N3014RA 
1N3015A 
1N3015RA 
1N3016A 
1N3017A 


1N3018A 
1N3019A 
1N3020A 
1N3021A 
1N3022A 
1N3023A 
1N3024A 
1N3025A 
1N3026A 
1N3027A 


1N3028A 
1N3029A 
1N3030A 
1N3031A 
1N3032A 
1N3033A 
1N3034A 
1N3035A 
1N3036A 
1N3037A 


1N3038A 
1N3039A 
1N3040A 
1N3041A 
1N3042A 
1N3043A 
1N3044A 
1N3045A 
1N3046A 
1N3047A 


1N3048A 
1N3049A 
1N3050A 
1N3051A 


1N3154 | 
1N2977B 
1N3155 
1N3155A 
1N3156 
1N3156A 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1.237 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola | Motorola . Motorola Motorola 
Industry — Direct Similar Industry” Direct Similar 
Part Number _ Replacement Replacement | _| Part Number Replacement ~ Replacement 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


31-38 


1N3157 1N3157 © 4-29 1N3324A 1N3324A 
1N3157A 1N3157A - | 4-29 -1N3324RA 1N3324RA 
1N3181 _* 1N5237A 1N3325A 1N3325A 
1N3198 1N5221B - 1N3325RA 1N3325RA 
1N3199 1N3155 = 1N3326A 1N3326A 
1N3200 . 1N3156 - 1N3326RA 1N3326RA 
1N3201 1N3156 - 1N3327A 1N3327A 
1N3202 1N3157 - 1N3327RA 1N3327RA 
1N3222A 1N3222A 1N3328A 1N3328A 
1N3222RA 1N3222RA 1N3328RA 1N3328RA 
1N3223A 1N3223A : 1N3329A 1N3329A 
1N3223RA 1N3223RA - 1N3329RA 1N3329RA 
1N3224A 1N3224A z 1N3330A 1N3330A 
1N3224RA 1N3224RA - 1N3330RA 1N3330RA 
1N3225A 1N3225A 1N3331A 1N3331A 
1N3225RA 1N3225RA : 1N3331RA 1N3331RA 
1N3226A 1N3226A : 1N3332A 1N3332A 
1N3226RA 1N3226RA - 1N3332RA 1N3332RA 
1N3227A 1N3227A : 1N3333A 1N3333A 
1N3227RA 1N3227RA 1N3333RA 1N3333RA 
1N3228A 1N3228A 1N3334A 1N3334A 
1N3228RA 1N3228RA - 1N3334RA 1N3334RA 
1N3305A 1N3305A 4-23 1N3335A 1N3335A 
| 1N3305RA 1N3305RA 4-23 1N3335RA 1N3335RA 
1N3306A 1N3306A 4-23 1N3336A 1N3336A © 
1IN3306RA 1N3306RA 4-23 1N3336RA 1N3336RA 
1N3307A | 1N3307A 4-23 1N3337A | 1N3337A 
1N3307RA 1N3307RA 4-23 1N3337RA 1N3337RA 
1N3308A . 1N3308A 4-23 1N3338A 1N3338A 
1N3308RA 1N3308RA 4-23 1N3338RA 1N3338RA 
1N3309A 1N3309A 4-23 1N3339A 1N3339A 
1N3309RA 1N3309RA 4-23 -1N3339RA 1N3339RA 
1N3310A 1N3310A 4-23 1N3340A 1N3340A 
1N3310RA 1N3310RA 4-23 1N3340RA 1N3340RA 
1N3311A - 1N3311A 4-23 1N3341A 1 1N3341A 
1N3311RA 1N3311RA 4-23 1N3341RA _} 1N3341RA 
1N3312A 1N3312A 4-23 1N3342A 1N3342A 
1N3312RA 1N3312RA 4-23 1N3342RA 1N3342RA 
1N3313A - 1N3313A 4-23 1N3343A 1N3343A 
| 1N3313RA 1N3313RA 4-23 © 1N3343RA 1N3343RA 
1N3314A 1N3314A 4-23 1N3344A 1N3344A. 
1N3314RA 1N3314RA 4-23 1N3344RA 1N3344RA 
1N3315A 1N3315A 4-23 ‘| 1N3345A 1N3345A 
1N3315RA 1N3315RA 4-23 1N3345RA 1N3345RA 
1N3316A 1N3316A 4-23 1N3346A 1N3346A 
1N3316RA 1N3316RA 4-23 1N3346RA 1N3346RA 
1N3317A 1N3317A 4-23 1N3347A 1N3347A — 
1N3317RA 1N3317RA 4-23 1N3347RA 1N3347RA 
1N3318A . 1N3318A 4-23 | 1N3348A 1N3348A 
1N3318RA 1N3318RA 4-23 -1N3348RA. 1N3348RA 
1N3319A 1N3319A | 4-23 1N3349A 1N3349A 
1N3319RA 1N3319RA © 4-23 © 1N3349RA 1N3349RA 
1N3320A — 1N3320A 4-23 |.| 1N3350A _ 1N3350A 
. 1N3320RA 1N3320RA 4-23 4N3350RA 1N3350RA 
. 1N3321A 1N3321A 4-23 1N3411 1N5234A 
1N3321RA 1N3321RA 4-23 -1N3412 1N5235A 
1N3322A 1N3322A | - TT 1N3413 1N5236A 
1N3322RA 1N332RA - 1N3414 1N5237A | 
1N3323A | 1N3323A . 1N3415 1N5240A 
1N3323RA 1N3323RA = 1N3416 1N5242A 


1N3417 
1N3418 
1N3419 
1N3420 
1N3421 
1N3422 
1N3423 
1N3424 
1N3425 
1N3426 


1N3427 
1N3428 
1N3429 
1N3430 
1N3431 
1N3432 
1N3433 


1N3435 
1N3436 


1N3437 
1N3438 
1N3439 
1N3440 
1N3441 
1N3442 
1N3443 
1N3444 
1N3445 
1N3446 


1N3447 
| 1N3448 
1N3449 
1N3450 
1N3451 
1N3452 
| 1N3453 
1N3454 
1N3455 
1N3456 


1N3457 
1N3458 
1 1N3459 
1N3460 
1N3461 
1N3462 
1N3463 
1N3477 
1N3477A 
1N3496 


| 1N3497 
| 1N3498 
1N3499 
1N3500 
1N3501 
| 1N3502 
| 1N3503 
| 1N3504 
| 1N3506 
1N3507 


Industry 
Part Number 


1N3434 


Motorola 
Direct 
Replacement 


Similar 


1N5245A 
1N5248A 
1N5251A 
1N5254A 
1N5256A 
1N5257A 
1N5259A 
IN5261A 
1N5263A 
1N5266A 


1N5268A 
1N5271A 
1N5273A 
1N5276A 
1N5279A 
1N5281A 
1N4738 
1N4740 
1N4742 
1N4744 


1N4746 
1N4748 
1N4750 
1N4752 
1N4754 
1N4756 
1N4735 
1N4736 
1N4738 
1N4740 


1N4742 
1N4744 
1N4746 
| 1N4748 
1N4750 
1N4751 
1N4752 
1N4754 
1N4756 
1N4758 


1N4760 
1N4762 
1N4764 
1M120ZS10 
1M150ZS10 
1M180ZS10 
1M200ZS5 
1N5221A 
1N5221B 
1N823 


-1N825 
1N827 
1N829 
1N821 
MZ640 
MZ620 
MZ610 
MZ605 
| 1N5226B 
1N5227B » 


Motorola 


Replacement 


ZENER INDEX CROSS-REFERENCE (Continued) 


Industry 


1N3508 
1N3509 
1N3510 
1N3511 
1N3512 
1N3513 
1N3514 
1N3515 
1N3516 
1N3517 


1N3518 
1N3519 
1N3520 
1N3521 
1N3522 
1N3523 
1N3524 
1N3525 
1N3526 
1N3527 


1N3528 
1N3529 
1N3530 
1N3531 
-1N3532 
1N3533 
~1N3534 
1N3553 
1N3580 
1N3580A 


1N3580B 
1N3581 

1N3581A 
1N3581B 
1N3582 

1N3582A 
| 1N3582B 
1N3583 

1N3583A 
1N3583B 


- 1N3584 
1N3584A 
1N3584B 
1N3675 
1N3675A 
1N3675B 
1N3676 
1N3676A 
1N3676B 
1N3677 


1N3677A 
1N3677B 
| 1N3678 

1N3678A 
1N3678B 
1N3679 

1N3679A 
1N3679B 
1N3680 

1N3680A 


_ “These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-39 


Part Number 


Motorola 
Direct 
Replacement 


1N4736 
1N4736 


| 1N4736A 


1N4737 
1N4737 
1N4737A 
1N4738 


1N4738 
1N4738A 
1N4739 
1N4739 
1N4739A 
1N4740 
1N4740 
1N4740A 
1N4741 
1N4741 


| Motorola 
Similar 
Replacement 


| 
| 


1NOO80B 


1N3681 
1N3681A - 


1N3681B 
1N3682 

1N3682A 
1N3682B 
1N3683 

1N3683A 
1N3683B 


1N3684 
1N3684A 
1N3684B 
1N3685 
1N3685A 
1N3685B 
1N3686 
1N3686A 


1N3686B - 


1N3687 


1N3687A 
1N3687B 
1N3688 


1N3688A. 
1N3688B 


1N3689 
1N3689A 


1N3689B — 


1N3690 
1N3690A 


1N3690B 
1N3691 
1N3691A 
1N3691B 
1N3692 
1N3692A 
1N3692B 
1N3693 
1N3693A 


| 1N3693B 
1 1N3694 


1N3694A 
1N3694B 
1N3695 
1N3695A 
1N3695B 
1N3696 
1N3696A 
1N3696B 
1N3697 


1N3697A 


1N3697B 


| 1N3698 


1N3698A — 


1N3698B 
1N3699 
1N3699A 


| 1N3699B 


1N3700 


| 1N3700A 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. | 


Industry 
Part Number 


ZENER INDEX CROSS 


~ Motorola 
Direct 
Replacement — 


1N4741A 
1N4742 
1N4742 


1N4742A 


1N4743 
1N4743 
1N4743A 
1N4744 
1N4744 


1N4744A | 


1N4745 
1N4745 
1N4745A 
1N4746 
1N4746 
1N4746A 
1N4747 
1N4747 
1N4747A 
1N4748 


-1N4748 


1N4748A 
1N4749 
1N4749 
1N4749A 
1N4750 
1N4750 
1N4750A 
1N4751 
1N4751 


1N4751A 


1N4752 
1N4752 
1N4752A 
1N4753 
1N4753 
1N4753A 
1N4754 
1N4754 
1N4754A 


1N4755 
1N4755 


1N4755A - 


1N4756 © 
1N4756 
1N4756A 
1N4757 


1N4757 
1N4757A 


1N4758 
1N4758 


1N4758A. 
1N4759 


1N4759 
1N4759A 
1N4760 
1N4760 
1N4760A 
1N4761 
1N4761 


-REFERENCE (Continued) 


| Industry 
‘| Part Number 


1N3700B 
1N3701 


_ 1N3701A 


1N3701B 
1N3702 | 
1N3702A 


~1N3702B 


1N3703 
1N3703A 
1N3703B 


1N3704 
1N3704A 
1N3704B 
1N3705 
1N3705A 
1N3705B 
1N3706 


| 1N3706A 


1N3706B 
1N3707 


1N3707A 
1N3707B 
1N3708 

1N3708A 
1N3708B 
1N3709 

1N3709A 
1N3709B 
1N3710 

1N3710A 


1N3710B 
1N3779 
1N3780 
1N3781 
1N3782 
1N3783 
1N3784 
1N3785A 
1N3786A 
1N3787A 


1N3788A 
1N3789A 
1N3790A 
1N3791A 
1N3792A 
1N3793A 
1N3794A 
1N3795A 
1N3796A 
1N3797A 


~1N3798A 
1N3799A . 


1N3800A 
1N3801A 
1N3802A 


~1N3803A 


1N3804A 


| 1N3805A 
1N3806A 
| 1N3807A 


1-40 


~ * Motorola 


- Direct 


1N4761A 
1N4762 


-1N4762 


1N4762A 
1N4763 
1N4763 
1N4763A 
1N4764 
1N4764 
1N4764A 


1M110ZS10 
1M110ZS10 
1M110ZS5 

1M120ZS10 
1M120ZS10 
1M120ZS5 

1M130ZS10 
1M130ZS10 
1M130ZS5 

1M150ZS10 


1M150ZS 10 
1M1502ZS5 
1M160ZS 10 
1M 1602S 10 
1M160ZS5 
1M 1802S 10 
1M180ZS 10 
1M180ZS5 
1M200ZS 10 
1M200ZS 10 


1M200ZS5 


1N3785A 
1N3786A 
1N3787A 


1N3788A 
1N3789A 
1N3790A 
1N3791A 
1N3792A 
1N3793A 
1N3794A | 
1N3795A 
1N3796A 
1N3797A 


1N3798A 
1N3799A 
1N3800A 
1N3801A 
1N3802A | 
1N3803A 
1N3804A 
1N3805A 
1N3806A 


| IN3807A 


Replacement 


1N821A 
1N821A 
1N823A 
1N825A 
1N827A 
1N829A 


Motorola 
Similar 
Replacement | 


ZENER INDEX CROSS-REFERENCE (Continued) © 


Motorola Motorola : Motorola Motorola 
Industry Direct Similar Industry Direct Similar 
Part Number — Replacement Replacement Part Number Replacement Replacement 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-41 


1N3808A 1N3808A 1N4020B 1N2976B 
1N3809A 1N3809A 1N4021 1N2977A 
1N3810A 1N3810A 1N4021A 1N2977A 
1N3811A 1N3811A 1N4021B © 1N2977B 
1N3812A 1N3812A 1N4022 1N2979A 
1N3813A 1N3813A 1N4022A 1N2979A 
1N3814A 1N3814A 1N4022B 1N2979B 
1N3815A 1N3815A 1N4023 1N2980A 
1N3816A 1N3816A 1N4023A 1N2980A 
1N3817A 1N3817A 1N4023B 1N2980B 
1N3818A 1N3818A 1N4024 1N2982A 
1N3819A 1N3819A 1N4024A 1N2982A 
1N3820A 1N3820A 1N4024B 1N2982B 
1N3821 1N3821 1N4025_. 1N2984A 
1N3822 1N3822 1N4025A 1N2984A 
1N3823 1N3823 1N4025B 1N2984B 
1N3824 1N3824 1N4026 1N2985A 
1N3825 1N3825 1N4026A 1N2985A 
1N3826 1N3826 1N4026B 1N2985B 
1N3827 1N3827 - 1N4027 1N2986A 
1N3828 1N3828 1N4027A 1N2986A 
1N3829 1N3829 1N4027B 1N2986B 
1N3830 1N3830 1N4028 1N2988A 
1N3949 . 1N2984B 1N4028A 1N2988A 
1N3950 — 1N3796B {| 1N4028B 1N2988B 
1N3951 1.5M252Z5 1N4029 1N2989/ . 
1N3984 1N3997A 1N4029A 1N2989A 
1N3985 1N3998A 1N4029B 1N2989B 
1N3986 1N3998A 1N4030 1N2990A 
1N3993 1N3993 1N4030A 1N2990A 
1N3993R 1N3993R 1N4030B 1N29908B 
1N3994 1N3994 1N4031 1N2991A 
1N3994R 1N3994R 1N4031A - 1N2991A 
1N3995 1N3995 1N4031B 1N2991B 
1N3995R 1N3995R 1N4032 1N2992A 
1N3996 1N3996 1N4032A 1N2992A 
1N3996R 1N3996R 1N4032B 1N2992B 
1N3997 1N3997 1N4033 1N2993A 
1N3997R 1N3997R 1N4033A 1N2993A 
1N3998 1N3998 1N4033B 1N2993B 
1N3998R 1N3998R 1N4034 1N2995A 
1N3999 1N3999 1N4034A IN2995A 
1N3999R 1N3999R 1N4034B 1N2995B 
1N4000 1N4000 1N4035 1N2997A 
1N4000R 1N4000R 1N4035A 1N2997A 
1N4010 | . 1N821 1N4035B 1N2997B 
1N4016 1N2972A 1N4036 1N2999A 
1N4016A 1N2972A 1N4036A 1N2999A 
1N4016B 1N2972B 1N4036B 1N2999B 
1N4017 1N2973A | 1N4037 1N3000A 
1N4017A 1N2973A 1N4037A IN3000A 
1N4017B 1N2973B 1N4037B 1N3000B - 
1N4018 1N2974A 1N4038 — 1N3001A 
1N4018A 1N2974A 1N4038A 1N3001A 
1N4018B 1N2974B 1N4038B 1N3001B 
| 1N4019 1N2975A 1N4039 1N3002A 
1N4019A 1N2975A 1N4039A 1N3002A 
1N4019B 1N2975B 1N4039B - 1N3002B 
1N4020 _ 1N2976A 1N4040 1N3003A 
1N4020A -1N2976A 1N4040A 1N3003A 


ZENER INDEX CROSS-REFERENCE (Continued) _ 


Motorola | 


_ | — Motorola - Motorola | | “Motorola : : 
Industry _ Direct Similar Industry Direct _ Similar 
Part Number | Part Number 


Replacement | Replacement Z Replacement Replacement: 


1N4041 
1N4041A 
1N4041B 
1N4042 

1N4042A 


1N4094 
1N4095 
1N4096 


1N4097 
1N4098 
1N4099 
1N4100 - 
1N4101 
1N4102 
1N4103 
1N4104 
| 1N4105 
1N4106 


| 1N4107 
1N4108 


1N4110 
1N4111 
1N4112 
1N4113 
| 1N4114 
1N4115 
1N4116 


1N4117 
1N4118 
1 1N4119 


1N4121 


~—11N4122 — 


1N4123 
1N4124 
1N4125 
1 1N4126 
1 1N4127 
1N4128 
1N4129 
1N4130 
1N4131 
1N4132 
1N4133 
1N4134 
1N4135 
1N4158 


1N4158A 


1N4159 
1 1N4159A 
1N4159B 
1N4160 
1N4160A 
1N4160B 


1N4161A 


| 1N4040B 


1N40428 . 


| 1N4105 


1N4109 | 


1N4120 | - 


| 1N4128 


| 1N4158B | 


1N4161 | 


1N3003B 
1N3004A 
1N3004A 
1N3004B 
1N3005A 
1N3005A 
1N3005B 
1N2624B 
1N5231A 
1N4763A 


1N4764A 
1M150ZS5 


1N4099 
1N4100 
1N4101 
1N4102 
1N4103 
1N4104 


1N4106 


1N4107 
1N4108 
1N4109 
1N4110 
1N4111 
1N4112 
1N4113 
1N4114 
1N4115 
1N4116 


1N4117 
1N4118 
1N4119 
1N4120 
1N4121 
1N4122 
1N4123 
1N4124 
1N4125 
1N4126 
1N4127 


1N4129 
1N4130 
1N4131 
1N4132 
1N4133 
1N4134 
1N4135 


1N4736 


1N4736 
1N4736A 
1N4737 
1N4737 
| 1N4737A 
1N4738 
1N4738 
1N4738A 
| 1N4739 
-11N4739 


1N4161B 
1N4162 
1N4162A 
1N4162B 
| 1N4163 
1N4163A 
1N4163B 


1N4164A 
_1N4164B 


1N4165 


1N4165B 
1N4166 

1N4166A 
| 1N4166B 
| 1N4167 

1N4167A 
| 1N4167B 
1N4168. 


| 1N4168A 
| | 1N4168B 
1N4169 


1N4169B 
1N4170 
1N4170A 


1N4171 
IN4171A 


1N4171B 
1N4172 
1N4172A 
1N4172B 
1N4173 
| | 1N4173A 
| 1N4173B 
1N4174 
1N4174A 
1N4174B 


| 1N4175 
| 1N4175A 
1N4175B 
1N4176 
1N4176A 
1N4176B 
1N4177 
‘| 1N4177A 
1N4177B 
1N4178 


1N4178A 
1N4178B 
1N4179 
| 1N4179A 
| 1N4179B 
| | 1N4180 


| 1N4180B 
1N4181 
| 1N4181A 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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-1N4164 


1N4165A - 


| 1N4169A 


1N4170B 


1N4180A 


1N4739A 
1N4740- 
| 1N4740 
1N4740A 
1N4741 
1N4741 
1N4741A 
1N4742 
}1N4742 
11N4742A 


1N4743. 
1N4743 
1N4743A 
1N4744 - 

| 1N4744 
1N4744A 
1N4745 
1N4745 
1N4745A 
1N4746 


11N4746 
1N4746A 
1N4747 
1N4747 
1N4747A 
1N4748 
1N4748 
1N4748A 
1N4749 
1N4749 


1N4749A © 
1N4750 
1N4750 
1N4750A 
1N4751 
1N4751. 
1N4751A 
1N4752 
1N4752 
1N4752A 
1N4753 
1N4753 
1N4753A 
1N4754 
1N4754 

1 1N4754A 
1N4755 
1N4755 
1N4755A 
1 1N4756 


1N4756 
1N4756A 
1N475/ 
1N4757 
1N4757A 
1N4758 
1N4758 
1N4758A 
1N4759 
1N4759 © 


ZENER INDEX CROSS-REFERENCE (Continued) 


1N4181B 
1N4182 

1N4182A 
1N4182B 
1N4183 

1N4183A 
1N4183B 
1N4184 

1N4184A 
1N4184B 


1N4185 
1N4185A 
1N4185B 
1N4186 
1N4186A 
1N4186B 
1N4194 
1N4194A 
1N4194B 
1N4195 


1N4195A 
1N4195B 
1N4196 

1N4196A 
1N4196B 
1N4197 

1N4197A 
1N4197B 
1N4198 

1N4198A 


1N4198B 
1N4199 

1N4199A 
1N4199B 
1N4200 

1N4200A 
1N4200B 
1N4201 

1N4201A 
1N4201B 


1N4202 
1N4202A 
1N4202B 
1N4203 
1N4203A 
1N4203B 
1N4204 
1N4204A 
1N4204B 
1N4205 


1N4205A 
1N4205B 
1N4206 

1N4206A 
1N4206B 
1N4207 

1N4207A 
1N4207B 
1N4208 

1N4208A 


Industry 
Part Number 


Motorola 
Direct 
Replacement 


1N4759A 
1N4760 
1N4760 
1N4760A 
1N4761 
1N4761 
1N4761A 
1N4762 
1N4762 
1N4762A 


1N4763 
1N4763 
1N4763A 
1N4764 
1N4764 
1N4764A 
1N2970A 
1N2970A 
1N2970B 
IN2971A 


1N2971A 
1N2971B 
1N2972A 
1N2972A 
1N2972B 
1N2973A 
1N2973A 
1N2973B 
1N2974A 
1N2974A 


1N2974B 
1N2975A 
1N2975A 
1N2975B 
1N2976A 
1N2976A 
1N2976B 
1N2977A 
1N2977A 
1N2977B 


1N2978A 
1N2978A 
1N2978B 
1N2979A 
1N2979A 
1N2979B 
1N2980A 
1N2980A 
1N2980B 
1N2981A 


1N2981A 
1N2981B 
1N2982A 
1N2982A 
1N2982B 
1N2983A 
1N2983A 


1N2984A 
1N2984A 


Motorola 
Similar 
Replacement 


1N2983B . 


Motorola 
Industry Direct 
Part Number Repiacement 


1N4208B 
1N4209 

1N4209A 
1N4209B 
1N4210 

1N4210A 
1N4210B 
1N4211 

1N4211A 
1N4211B 


1N4212 
1N4212A 
1N4212B 
1N4213 
1N4213A 
1N4213B 
1N4214 
1N4214A 
1N4214B 
1N4215 


~1IN4215A 


1N4215B 
1N4216 
1N4216A 
1N4216B 
1N4217 
1N4217A 
1N4217B 
1N4218 
1N4218A 


1N4218B 
1N4219 

1N4219A 
1N4219B 
1N4220 

1N4220A 
1N4220B 
1N4221 

1N4221A 
1N4221B 


1N4222 
1N4222A 
1N4222B 
1N4223 
1N4223A 
1N4223B 
1N4224 
1N4224A 
1N4224B 
1N4225 


1N4225A 
1N4225B 
1N4226 


| 1N4226A 


1N4226B 
1N4227 
1N4227A 
1N4227B 
1N4228 
1N4228A 


‘These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola 
Industry Direct Similar 
Part Number _ Replacement | Replacement — 


Motorola Motorola 
Industry | Direct — Similar 
Part Number ~ Replacement — Replacement | 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N3004B 
1N3005A 
1N3005A 
1N3005B 
1N3006A 
1N3006A 
1N3006B 


1N3007A 


1N3007A 
1N3007B 


1N3008A 
1N3008A 
1N3008B 
1N3009A 
1N3009A 
1N3009B 
1N3010A 
1N3010A 
1N3010B 
1N3011A 


1N3011A 


-1N3011B 


1N3012A 
1N3012A 
1N3012B 
1N3013A 
1N3013A 
1N3013B 
1N3014A 
1N3014A 


1N3014B 
1N3015A 
1N3015A 
1N3015B 
1N2970A 
1N2970A 
1N2970B 


1N4266B 
1N4267 
1N4267A 
1N4267B 
1N4268 
1N4268A 
1N4268B 
1N4269 


| 1N4269A 


1N4269B 


1N4270 
1N4270A 
1N4270B 
1N4271 
1N4272A 


| 1N4272B 


1N4273 
1N4273A 
1N4273B 
1N4274 


1N4274A 
1N4274B 
1N4275 

1N4275A 
1N4275B 
1N4276 

1N4276A 
1N4276B 
1N4277 

1N4277A 


1N4277B 
1N4278 

1N4278A 
1N4278B 
1N4279 

1N4279A 
1N4279B 
1N4280 

1N4280A 
1N4280B 


1N4281 | 
1N4281A 
1N4281B 
1N4282 

1N4282A 
1N4282B 
1N4283 

1N4283A 
1N4283B 
1N4284 


1N4284A 
1N4284B 
1N4285 
1N4285A 

1N4285B 
1N4286 

1N4286A 
1N4286B 
1N4287 

1N4287A 
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ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola Motorola Motorola 
Industry Direct Similar industry Direct Similar 
Part Number | Replacement Replacement Part Number Replacement Replacement 


1N4287B 
1N4288 

1N4288A 
1N4288B 
1N4289 

1N4289A 
1N4289B 
1N4290 

1N4290A 
1N4290B 


1N4291 
IN4291A 
1N4291B 
1N4292 
1N4292A 
1N4292B 
1N4293 
1N4293A 
1N4293B 
1N4321 


1N4323 
1N4323A 
1N4323B 
1N4324 
1N4324A 
1N4324B 
1N4325 
1N4325A 
1N4325B 
1N4326 


1N4326A 
1N4326B 
1N4327 

1N4327A 
1N4327B 
1N4328 

1N4328A 
1N4328B 
1N4329 

1N4329A 


1N4329B 
1N4330 

1N4330A 
1N4330B 
1N4331 

1N4331A 
1N4331B 
| 1N4332 

1N4332A 
1N4332B 


1N4333 
1N4333A 
1N4333B 
1N4334 
1N4334A 
1N4334B 
1N4335 
1N4335A 
1N4335B 
1N4336 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N30078 
1N3008A 
1N3008A 
1N3008B 
1N3009A 
1N3009A 
1N3009B 
IN3011A 
IN3011A 
1N3011B 


1N3012A 
1N3012A 
1N3012B 
1N3014A 
1N3014A 
1N3014B 
1N3015A 
1N3015A 
1N3015B 


9M502S 10 


1N4736 
1N4736 
1N4736A 
1N4737 
1N4737 
1N4737A 
1N4738 
1N4738 
1N4738A 
1N4739 


1N4739 
1N4739A 
1N4740 
1N4740 
1N4740A 
1N4741 
1N4741 
1N4741A 
1N4742 
1N4742 


1N4742A 
1N4743 
1N4743 
1N4743A 
1N4744 
1N4744 
1N4744A 
1N4745 
1N4745 
1N4745A 


1N4746 
1N4746 
1N4746A 
1N4747 
1N4747 
1N4747A 
1N4748 
1N4748 
1N4748A 
1N4749 


1N4336A 
1N4336B 
1N4337 

1N4337A 
1N4337B 
1N4338 

1N4338A 
1N4338B 
1N4339 

1N4339A 


1N4339B 
1N4340 

1N4340A 
1N4340B 
1N4341 

1N4341A 
1N4341B 
1N4342 

1N4342A 
1N4342B 


1N4343 
1N4343A 
1N4343B 
1N4344 
1N4344A 
1N4344B 
1N4345 
1N4345A 
1N4345B 
1N4346 


1N4346A 
1N4346B 
1N4347 

1N4347A 
1N4347B 
1N4348 

1N4348A 
1N4348B 
1N4349 

1N4349A 


1N4349B 
1N4350 
1N4350A 
1N4350B 
1N4351 


~1N4351A 


1N4351B 
1N4352 

1N4352A 
1N4352B 


1N4353 
1N4353A 
1N4353B 
1N4354 
1N4354A 
1N4354B 
1N4355 
1N4355A 
1N4355B 
1N4356 
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1N4749 
1N4749A 
1N4750 
1N4750 
1N4750A 
1N4751 
1N4751 
IN4751A 
1N4752 
1N4752 


1N4752A 
1N4753 
1N4753 
1N4753A 
1N4754 
1N4754 
1N4754A 
1N4755 
1N4755 
1N4755A 


1N4756 
1N4756 


| 1N4756A 


1N4757 
1N4757 
1N4757A 
1N4758 
1N4758 
1N4758A 
1N4759 


1N4759 
1N4759A 
1N4760 
1N4760 
1N4760A 
1N4761 
1N4761 
1N4761A 
1N4762 
1N4762 


1N4762A 
1N4763 
1N4763 
1N4763A 
1N4764 
1N4764 
1N4764A 
1M110ZS10 
1M110ZS10 
1M110ZS5 


1M120ZS 10 
1M120ZS10 
1M120ZS5 

1M130ZS 10 
1M130ZS 10 
1M130ZS5 

1M150ZS10 
1M150ZS 10 
1M150ZS5 

1M160ZS 10 


ZENER INDEX CROSS-REFERENCE (Continued) | t 


_ | Motorola =| Motorola | 
Industry — Direct Similar 
Part Number Replacement | Replacement | Page # | 


Motorola. Motorola 
Direct Similar 
Replacement | Replacement 
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1N4356A 1M160ZS10 1N4472 
1N4356B 1M160ZS5 1N4473 

1N4357 1M180ZS10 1N4474 

1N4357A 1M180ZS10 1N4475 

1N4357B | 1M180ZS5 1N4476 

1N4358 1M200ZS10 1N4477 

1N4358A 1M200ZS10 1N4478 

1N4358B ° 1M200ZS5 1N4479 

1N4360 1N4370A 1N4480 

1N4370 1N4370 1N4481 

1N4371 1N4371 1N4482 

1N4372 1N4372 1N4483 

1N4400 1N4736 : 1N4484 

1N4401 1N4737 ‘ 1N4485 

1N4402 1N4738 : 1N4486 

1N4403 1N4739 ‘ 1N4487 

1N4404 1N4740 : 1N4488 

1N4405 1N4741 : 1N4489 

1N4406 1N4742 : 1N4490 

1N4407 1N4743 : 1N4491 

1N4408 1N4744 ; 1N4492 

1N4409 1N4745 : 1N4493 

1N4410 1 1N4746 : 1N4494 

1N4411 1N4747 : 1N4495 

1N4412 1N4748 1N4496 

1N4413 1N4749 1N4499 

1N4414 1N4750 | 1N4503 

1 1N4415 | 1N4751 1N4504 _ 
1N4416 1N4752 1N4549A 1N4549A 
1N4417 1N4753 1N4549RA 1N4549RA 
1N4418 1N4754 1N4550A 1N4550A 
1N4419 1N4755 1N4550RA 1N4550RA 
1N4420 1N4756 1N4551A 1N4551A 
1N4421 1N4757 1N4551RA 1N4551RA 
1N4422 1N4758 1N4552A 1N4552A 
1N4423 1N4759 1N4552RA 1N4552RA 
1N4424 1N4760 1N4553A 1N4553A 
1N4425 1N4761 1N4553RA 1N4553RA 
1N4426 1N4762 1N4554A 1N4554A 
1N4427 1N4763 ~1N4554RA 1N4554RA 
1N4428 1N4764 1N4555A 1N4555A 
1N4429 1M110ZS10 1N4555RA {N4555RA 
1N4430 1M120ZS10 1N4556A 1N4556A 
1N4431 1M130ZS10 1N4556RA 1N4556RA 
1N4432 1M150ZS10 1N4557A 1N4557A 
1N4433 1M160ZS10 1N4557RA 1N4557RA 
1N4434 1M180ZS10 -1N4558A 1N4558A 
1N4435 1M200ZS10 1N4558RA 1N4558RA | 
1N4460 1N4735A 1N4559A 1N4559A 
1N4461 1N4736A 1N4559RA 1N4559RA 
1N4462 1N4737A 1N4560A 1N4560A 
1N4463 1N4738A 1N4560RA 1N4560RA 
1N4464 1N4739A 1N4561A 1N4561A 
1N4465 1N4740A 1N4561RA 1N4561RA 
1N4466 1N4741A 1N4562A 1N4562A 
1N4467 1N4742A 1N4562RA 1N4562RA 
1N4468 1N4743A 1N4563A 1N4563A 
1N4469 1N4744A 1N4563RA 1N4563RA 
1N4470 1N4745A 1N4564A 1N4564A 
| 1N4471 1N4746A {N4564RA | 1N4564RA 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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Motorola Motorola | Motorola Motorola 
Industry Direct Similar Industry Direct - Similar 
Part Number Replacement 


1N4565 
1N4565A 
1N4566 | 
1N4566A 
1N4567 

1N4567A 
1N4568 

1N4568A 
1N4569 

1N4569A 


1N4570 
/1N4570A 
1N4571 
1N4571A 
1N4572 
1N4572A 
1N4573 
1N4573A 
1N4574 
1N4574A 


1N4575 
1N4575A 
1N4576 
1N4576A 
1N4577 
1N4577A 
1N4578 
1N4578A 
1N4579 
1N4579A 


1N4580 
1N4580A 
1N4581 
1N4581A 
1N4582 
1N4582A 
1N4583 
1N4583A 
1N4584 
1N4584A 


1N4611 

1N4611A 
1N4611B 
1N4611C 
1N4612 

1N4612A 
1N4612B 
1N4612C 
1N4613 

1N4613A 


1N4613B 
1N4613C 
1N4614 
1N4615 
1N4616 
1N4617 
1N4618 
1N4619 
1N4620 
1N4621 


1N4565 
1N4565A 
1N4566 
1N4566A 
1N4567 
1N4567A 
1N4568 
1N4568A 
1N4569 
1N4569A 


1N4570 
1N4570A 
1N4571 
1N4571A 
1N4572 
1N4572A 
1N4573 
1N4573A 
1N4574 
1N4574A 


1N4575 
1N4575A 
1N4576 
1N4576A 
1N4577 
1N4577A 
1N4578 
1N4578A 
1N4579 
1N4579A 


1N4580 
1N4580A 
1N4581 
1N4581A 
1N4582 
1N4582A 
1N4583 
1N4583A 
1N4584 
1N4584A 


1N4614 
1N4615 
1N4616 
1N4617 
1N4618 
1N4619 
1N4620 
1N4621 


Replacement 


1N4622 
1N4623 
1N4624 
1N4625 
1N4626 
1N4627 
1N4628 
1N4629 
1N4630 
1N4631 


1N4632 
1N4633 
1N4634 
1N4635 
1N4636 
1N4637 
1N4638 
1N4639 
1N4640 
1N4641 


1N4642 
1N4643 
1N4644 
1N4645 
1N4646 
1N4647 
1N4648 
1N4649 
1N4650 
1N4651 


1N4652 
1N4653 
1N4654 
1N4655 
1N4656 
1N4657 
1N4658 
1N4659 
1N4660 
1N4661 


1N4662 
1N4663 
1N4664 
1N4665 
1N4666 
1N4667 
1N4668 
1N4669 
1N4670 
1N4671 


1N4672 
1N4673 
1N4674 
1N4675 
1N4676 
1N4677 
1N4678 
1N4679 
| 1N4680 
1N4681 
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1N4622 


1N4623 
1N4624 
1N4625 
1N4626 
1N4627 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. . 
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ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola 


: “Motorola =| Motorola 1) Motorola 
Industry Direct Similar Industry ° ‘Direct ‘Similar 
| Part Number | Replacement | Replacement Part Number ~ Replacement 


‘Replacement 


1N4682 
1N4683 
1 1N4684 
1N4685 
1N4686 
1N4687 
1N4688 
1N4689 
1N4690 
1N4691 
1N4692 
1N4693 
1N4694 
1N4695 
1N4696 
1N4697 
1N4698 
1N4699 
1N4700 
1N4701 


1 1N4702 

1N4703 
1N4704 
-|1N4705 
1 1N4706 
1N4707 
1N4708 
1N4709 
-11N4710 
1N4711 


1N4712 
1N4713 
1N4714 
1N4715 
1N4716 
1N4717 
1N4728,A 
1N4729,A 
| 1N4730,A 
1N4731,A 


1N4732,A 
1N4733,A 
1N4734,A 
1N4735,A 
1N4736,A 
1N4737,A 
1N4738,A 


1N4740,A 
1N4741,A 
1N4742,A 
1N4743,A 
1N4745,A 
1N4746,A 
1N4747,A 
1N4748,A 
1N4749,A 
1N4750,A 
1N4751,A 
1N4752,A 


1N4739,A 


1N4753,A 


1N4754,A 
1 1N4755,A 


1N4756,A 
1N4757,A 
1N4758,A 


1N4759,A 


1N4760,A 


1 1N4761,A | 


1N4762,A 


‘1 1N4763,A 
.1N4764,A 


1N4765 


1N4765A 


1N4766 
1N4766A 
1N4767 
1N4767A 
1N4768 
1N4768A 


1N4769 
1N4769A 
1N4770 
1N4770A 
1N4771 
1N4771A 
1N4772 
1N4772A 
1N4773 
1N4773A 


1N4774 
1N4774A 
1N4775 
1N4775A 
1N4776 
1N4776A 
1N4777 
1N4777A 


1N4778 


1N4778A 
1N4779 


1N4779A | 
| |.1N4780 


1N4780A 


| 1N4781 
1N4781A 
1 1N4782 


1N4782A 
1N4783 


1N4783A 


1N4784 
1N4784A 
1N4831 


-1N4831A | 


1N4831B 
1N4832 
1N4832A 


1N4832B__ 
| 1N4833 


1N4833A 


1-48 


1N4753,A. 
14N4754,A 


1N4755,A 
1N4756,A 
1N4757,A 


1N4758,A | 


1N4759,A 
1N4760,A 
1N4761,A 
1N4762,A 


1N4763,A 
1N4764,A 
1N4765 
1N4765A 
1N4766 
1N4766A 
1N4767 
1N4767A 
1N4768 
1N4768A 


1N4769 
1N4769A 
1N4770 
1N4770A 
1N4771 


1 1N4771A 


1N4772 
1N4772A 
1N4773 
1N4773A 


1N4774° 
1N4774A 
1N4775 


1N4775A |. 


1N4776 
1N4776A 
1N4777 
1N4777A 
1N4778 
1N4778A 


1N4779 
1N4779A 
1N4780 
1N4780A 
1N4781 
1N4781A 
1N4782 


1N4782A - 
1 1N4783 


1N4783A 


1N4784 
1N4784A 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N4739 
1N4739 
1N4739A © 
1N4740 | 
1N4740 
1N4740A © 
1N4741 


1N4741 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola 
Industry Direct ~ Similar 
Part Number — Replacement Replacement 


Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement - 


1N4833B 
1N4834 

1N4834A 
1N4834B 
1N4835 

1N4835A 
1N4835B 
1N4836 

1N4836A 
1N4836B 


1N4837 
1N4837A 
1N4837B 
1N4838 
1N4838A 
1N4838B 
1N4839 
1N4839A 
1N4839B 
1N4840 


1N4840A 
1N4840B 
1N4841 
IN4841A 
1N4841B 
1N4842 


1N4842A 


1N4842B 
1N4843 
1N4843A 


1N4843B 
1N4844 

| 1N4844A 
1N4844B 
1N4845 

1N4845A 
1N4845B 
1N4846 

1N4846A 
1N4846B 


1N4847 
1N4847A 
1N4847B 
1N4848 
1N4848A 
1N4848B 
1N4849 
1N4849A 
1N4849B 
1N4850 


1N4850A 
1N4850B 
1N4851 

1N4851A 
1N4851B 
1N4852 

1N4852A 
1N4852B 
1N4853 

1N4853A 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N4741A 
1N4742 
1N4742 
1N4742A 
1N4743 
1N4743 
1N4743A 
1N4744 
1N4744 
1N4744A 


1N4745 
1N4745 
1N4745A 
1N4746 
1N4746 
1N4746A 
1N4747 
1N4747 
1N4747A 
1N4748 


1N4748 
1N4748A 
1N4749 
1N4749 
1N4749A 
1N4750 
1N4750 
1N4750A 
1N4751 
1N4751 


1N4751A 
1N4752 
1N4752 
1N4752A 
1N4753 
1N4753 
1N4753A 
1N4754 
1N4754 
1N4754A 


1N4755 
1N4755 
1N4755A 
1N4756 
1N4756 
1N4756A 
1N4757 
1N4757 


1N4757A 


1N4758 


1N4758 
1N4758A 
1N4759 
1N4759 
1N4759A 
1N4760 
1N4760 
1N4760A 
1N4761 
1N4761 


1N4853B 


—1N4854 


1N4854A 
1N4854B 
1N4855 

1N4855A 
1N4855B 
1N4856 

1N4856A 
1N4856B 


1N4857 
1N4857A 
1N4857B 
1N4858 
1N4858A 
1N4858B 
1N4859 
1N4859A 
1N4859B 
1N4860 


1N4860A 
1N4860B 
1N4881 
1N4882 
1N4883 
1N4884 | 
1N4889 
1N4890 
1N4890A 
1N4891 


IN4891A 


1N4892 
1N4892A 


1N4893 


1N4893A 
1N4894 
1N4894A 
1N4895 
1N4895A 
1N4954 


1N4955 
1N4956 
1N4957 
1N4958 
1N4959 
1N4960 
1N4961 
1N4962 
1N4963 
1N4964 


1N4965 
1N4966 
1N4967 
1N4968 
1N4969 
1N4970 
1N4971 
1N4972 
1N4973 
1N4974 


1-49 


1N4761A 
1N4762 
1N4762 
1N4762A 
1N4763 
1N4763 
1N4763A 
1N4764 
1N4764 
1N4764A 


1M110ZS10 
1M110ZS10 


1M110ZS5 


1M120ZS10 
1M120ZS10 


1M120ZS5 


1M130ZS10 
1M130Z$10 


1M130ZS5 


1M150ZS10 


1M150ZS10 
1M150ZS5 


1N4747 
1N4753 
1N4742A 
1N4747A 
1N3000B 
MZ640 
MZ640 
MZ640 


MZ640 
MZ620 
MZ620 
MZ620 
MZ620 
MZ610 
MZ610 
MZ610 
MZ610 
1N5342B 


1N5343B 
1N5344B 
1N5346B 
1N5347B 
1N5348B 
1N5349B 
1N5350B 
1N5352B 
1N5353B 
1N5359B 


1N5357B 
1N5358B 
1N5359B 
1N5361B 
1N5363B 
1N5364B 
1N5365B 
1N5366B 
1N5367B 
1N5368B 


X CROSS-REFERENCE (Continued) 
Motorola Motorola Tr 


Direct Similar 
. Replacement - Replacement 


ZENER INDE 


- Motorola | 
Similar 
Replacement 


—— me Motorola 
Industry — Direct 
| Part Number Replacement 


Industry 
Part Number i 


_}1N4975 
1N4976 
1N4977 
1N4978 


1N4980 
1N4981 
1N4982 
1N4983 
1N4984 


1N4986 
1N4987 
1N4988 
1N4989 
1N5008 
1N5008A 
1N5009 
1N5009A 
1N5010 


1N5010A 
1N5011 
1N5011A 


1N5012A 
1N5013 
1N5013A 
| 1N5014 
1 1N5014A 
1N5015 


1N5015A 
1N5016 
1N5016A 
1N5017 
1N5017A 
1N5018 
1N5018A 
1N5019 
1N5019A 
1N5020 


| 1N5022 
1N5022A 
1N5023 
1N5023A 
1N5024 
1NS5024A 


1N5026 
| 1N5026A 


1N5027A 
1N5028 - 


1N5029 


1N5030 


1N4979_ 


1N4985 


IN5012. 


| 1N5020A ~ 
J1N5021 — 
INS5021A 


}1N5025 
}1N5025A 


{1N5027 


1N5028A - 
1N5029A 


| 1N5031 
-1N5031A 
1N5032 
1N5032A 
1N5033 
-1N5033A 
1N5034 


- 1N5035 


1N5035A 
1N5036 
1N5036A 
1N5037 
| 1N5037A 
1N5038 
1N5038A 
1N5039 
1N5039A 
| 1N5040 


1N5040A 
1N5041 
1NS5041A 
1N5042 
1N5042A 
1N5043 
| 1N5043A 
1N5044 
1N5044A 
1N5045 


1N5045A 
1N5046 
1N5046A 
1N5047 
1N5047A 
| 1N5048 
1N5048A 
1N5049 
1N5049A 
1N5050 


1N5050A 
1N5051 
1N5051A 
1N5063 
1N5064 
1N5065 
1N5066 
1N5067 
1N5068 


1N5070 
1N5071 | 
1N5072 
1N5073 
1N5074 
1N5075 


1M17ZS10 
1M17ZS5 
1N4746 
1N4746A 
1M19ZS10 
{M19ZS5. 
1N4747 


| 1N5077 
1N5078 
1N5079 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1-50 


1N5030A.- 


1N5034A 


1N5069 _ 


1N5076 


1N4747A 
1N4748 
1N4748A 
1N4749 
1N4749A 
1M25ZS10 
1M25ZS5 
1N4750._ 
1N4750A: 
1N4751 


IN4751A 
1N4752 
1N4752A 
1N4753 
1N4753A 
1N4754 
1N4754A 
1N4755 
1N4755A 
1M45ZS10 


1M45ZS5 
1N4756 
1N4756A 
1M50ZS 10 
1M50ZS5 
1N4757 
11N4757A 
1M52ZS 10 
1M52ZS5 
1N4758 


1N4758A 
1N4759 
1N4759A 
1N4760 
1N4760A 
1N4761 
1N4761A 
1N4762 
1N4762A 
1N4763 


1N4763A 
~. | 1N4764 

1N4764A 
1N4736A 
1N4737A 
1N4738A | 
1N4739A 
1N4740A 
1N4741A 
1N4743A 


1M14ZS5 
1N4744A 
1N4745A 
1N4746A 
4N4748A 
1N4749A 
1N4750A 
1 1N4751A 

| 1N4752A 
| 1N4753A 


ZENER INDEX CROSS-REFERENCE (Continued) 


1N5080 
1N5081 
1N5082 
1N5083 
1N5084 
1N5085 
1N5086 
1N5087 
1N5088 
1N5089 


1N5090 
1N5091 
1N5092 
1N5093 
1N5094 
1N5095 
1N5096 
1N5097 
1N5098 
1N5099 


1N5100 
1N5101 
1N5102 
1N5103 
1N5104 
1N5105 
1N5106 
1N5107 
1N5108 
1N5109 


1N5110 
1N5111 
1N5112 
1N5113 
1NS114 
1N5115 
1N5116 
1N5118 
1N5122 
1N5126 


1N5127 
1N5128 
1N5221 
1N5222 
1N5223 
1N5224 
1N5225 
1N5226 
1N5227 
1N5228 


1N5229 
1N5230 
1N5231 
1N5232 
1N5233 
1N5234 
1N5235 
1N5236 
1N5237 
1N5238 


Industry 
Part Number 


Motorola 
Similar 


Motorola 
Direct 
Replacement 


1N4754A 
1M40ZS5 
1N4755A 
1M45ZS5 
1N4756A 
1M50ZS5 
1N4757A 
1N4758A 
1M60ZS5 
1N4759A 


1N4760A 
1M70ZS5 
1N4761A 
1M80ZS5 
1N4762A 
1N4763A 
1M110ZS5 
1M120ZS5 
1M130ZS5 
1M140ZS5 


1M160ZS5 
1M1702S5 
1M180ZS5 
1M190ZS5 
1M2002ZS5 
1M110ZSB5 
1M120ZSB5 
1M130ZSB5 
1M135ZSB5 
1M140ZSB5 


1M150ZSB5 
1M160ZSB5 
1M165ZSB5 
1M170ZSB5 
1M180ZSB5 
1M190ZSB5 
1M195ZSB5 
1N5341B © 
1N5371B 
1N5382B 


-1N5385B 
1N5387B 


1N5221 
1N5222 
1N5223 
1N5224 
1N5225 
1N5226 
1N5227 
1N5228 


1N5229 
1N5230 
1N5231 
1N5232 
1N5233 
1N5234 
1N5235 
1N5236 
1N5237 
1N5238 


Replacement 


1N5239 
1N5240 
1N5241 
1N5242 
1N5243 
1N5244 
1N5245 
1N5246 
1N5247 
1N5248 


1N5249 
1N5250 
1N5251 
1N5252 
1N5253 
1N5254 
1N5255 
1N5256 
1N5257 
1N5258 


1N5259 
1N5260 
1N5261 
1N5262 
1N5263 
1N5264 
1N5265 
1N5266 
1N5267 
1N5268 


1N5269 
1N5270 
~1N5271 
1N5272 
1N5273 
1N5274 
1N5275 
1N5276 
1N5277 
1N5278 


1N5279 
. 1N5280 
-1N5281 
| | 1N5283 

1N5284 
1N5285 
1N5286 
1N5287 
1N5288 
1N5289 


1N5290 
1N5291 
1N5292 
1N5293 
1N5294 
1N5295 
1N5296 
_1N5297 
~1N5298 
1N5299 


4.54. 


Industry 
Part Number 


Motorola 
Direct 
Repiacement 


1N5299 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


ZENER INDEX CROSS-REFERENCE (Continued) 
| Motorola | | 
Similar 

Replacement 


7 ~ Motorola Motorola 
Industry. Direct Similar 
Part Number Replacement Replacement 


_ Motorola 
Direct 
Replacement . 


Industry | 
Part Number | 


1N5301 
1N5302 
1N5303 
1N5304 
1N5305 
1N5306 
1N5307 
1N5308 
1N5309 


1N5310 
1N5311 
1N5312 
1N5313 
1N5314 
1N5333A 
1N5334A 
1N5335A 
| 1N5336A 
1N5337A 


1N5338A 
1N5339A 
1N5340 
1N5341A 
1N5342A 
— 11N5343A 
| 1N5344A 
1N5345A 
1N5346A 
1N5347A 


1N5348A 
1N5349A 


1N5351A 
1N5352A 
1N5353A 
1N5354A 
1N5355A 
1N5356A 
1N5357A 


1N5358A 


1N5360A 
1N5361A 
1N5362A 
1N5363A 
1N5364A 
1N5365A 
1N5366A 
1 1NS367A 


1N5368A 
1N5369A 
1N5370A 
1N5371A 
11N5372A 

1N5373A 
1N5374A 
1N5375A 
1N5376A 
1N5377A 


14Nn5300° 


1N5350A | 


1N5359A — 


4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-62 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 


4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66. 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 
4-66 


1N5378A 
1N5379A 
1N5380A 
1N5381A 
1N5383A 
1N5384A 
1N5385A 
1N5386A 
1N5387 

1N5388A 


1N5518A,B 
1N5519A,B 
1N5520A,B 
1N5521A,B 
1N5522A,B 
1N5523A,B 
1N5524A,B 
1N5525A,B 
1N5526A,B 
1N5527A,B 


1N5528A,B 
1N5529A,B 
1N5530A,B 
1N5531A,B 
1N5532A,B 
1N5533A,B 


} 1N5534A,B 


1N5535A,B 


| 1N5536A,B 


1N5537A,B 


1N5538A,B 
1N5539A,B 
1N5540A,B 
1N5541A,B 
1N5542A,B 
1N5543A,B 


-11N5544A,B 


1N5545A,B 
1N5546A,B 
1N5555 


1N5556 
1N5557 
1N5558 
1N5629 
1N5629A 
1N5630 


| 1N5630A 


1N5631 
1N5631A 
1N5632 


1N5632A 


1 1N5633 


1N5633A 


-1N5634 


1N5634A 


1N5635 
11N5635A 

1N5636 
}1N5636A 

1N5637 


1-52 


1N5378A 
1N5379A 
1N5380A 
1N5381A 
1N5383A 
1N5384A 
1N5385A 
1N5386A 
1N5387 

1N5388A 


1N5518A,B 
1N5519A,B 
1N5520A,B 
1N5521A,B 
1N5522A,B 
1N5523A,B 
1N5524A,B 
1N5525A,B 
1N5526A,B 
1N5527A,B 


1N5528A,B 
1N5529A,B 
1N5530A,B 
1N5531A,B 
1N5532A,B 
1N5533A,B 


| 1N5534A,B 


1N5535A,B 
1N5536A,B 
1N5537A,B 


1N5538A,B 
1N5539A,B 
1N5540A,B 
1N5541A,B 
1N5542A,B 


| 1N5543A,B 


1N5544A,B 
1N5545A,B 
1N5546A,B 


‘These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N6283 


1N6283A 
1N6289A 
1N6303A 
1N6267 
1N6267A 
1N6268 
1N6268A 
1N6269 
1N6269A 
1N6270 


1N6270A 
1N6271 
1N6271A © 
1N6272 
1N6272A 
1N6273 
1N6273A 
1N6274 | 
1N6274A 
1N6275 


ZENER INDEX CROSS-REFERENCE (Continued) 


Motorola Motorola Motorola Motorola 
Industry | Direct Similar Industry Direct Similar 
Part Number Replacement Replacement Part Number Replacement ‘ Replacement 


1N5637A 
1N5638 
1N5638A 
1N5639 
1N5639A 
1N5640 
1N5640A 
1N5641 
1N5641A 
1N5642 


1N5642A 
1N5643 
1N5643A 
1N5644 
1N5644A 
1N5645 
1N5645A 
1N5646 
1N5646A 
1N5651 


1N5652 
1N5652A 
1N5653 
1N5653A 
1N5654 
1N5654A 
1N5655 
1N5655A 
1N5656 
1N5656A 


1N5657 
1N5657A 
1N5658 
1N5658A 
1N5659 
1N5659A 
1N5660 
1N5660A 
| 1N5661 
1N5661A 


1N5662 
1N5662A 
1N5663 
1N5663A 
1N5664 
1N5664A 
1N5665 
| IN5665A 
1N5728 
1N5729 


1N5730 
1N5731 
1N5732B 
1N5733B 
~1N5/734B 
1N5735B 
1N5736B 
1N5738B 
1N5739B 
1N5740B 


_ *These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N6275A 
1N6276 
1N6276A 
1N6277 
1N6277A 
1N6278 
1N6278A 
1N6279 
1N6279A 
1N6280 


1N6280A 
1N6281 
1N6281A 
1N6282 
1N6282A 
1N6283 
1N6283A 
1N6284 
1N6284A 
1N6289A 


1N6290 
1N6290A 
1N6291 
1N6291A 
1N6292 
1N6292A 
1N6293 
1N6293A 
1N6294 
1N6294A 


1N6295 
IN6295A 
1N6296 
1N6296A 
1N6297 
1N6297A 
1N6298 
1N6298A 
1N6299 
1N6299A 


1N6300 
1N6300A 
1N6301 
IN6301A 
1N6302 
1N6302A 
1N6303 
1N6303A 
1N5230B 
1N5231B 


1N5232B 
1N5234B 
1N5235B 
1N5236B 
1N5237B 
1N5239B 
1N5240B 
1N5242B 
1N5243B 
1N5245B 


1N5741B 
1N5742B 
1N5743B 
1N5744B 
1N5745B 
1N5746B 
1N5747B 
1N5748B 
1N5749 

1N5750 


1N5751 


1N5752 
1N5753 


| 1N5837 


1N5838 
1N5839 
1N5840 
1N5841 
1N5842 
1N5843 


1N5844 
1N5845 
1N5846 
1N5847 
1N5848 


-1N5849 


1N5850 
1N5851 
1N5852 
1N5853 


1N5854 
1N5855 
1N5856 
1N5857 
1N5858 
1N5859 


| 1N5860 


1N5861 


| 1N5862 


1N5863 


1N5864 
1N5865 
1N5866 
1N5867 
1N5868 
1N5869 
1N5870 
1N5871 


| 1N5872 


1N5873 


1N5874 
1N5875 
1N5876 
1N5877 
1N5878 
1N5879 
1N5880 
1N5881 
1N5882 
1N5883 


1-53 


1N5246B 
1N5248B 
1N5250B 
1N5251B 
1N5252B 
1N5254B 
1N5256B 
1N5257B 
1N5258B 
1N5259B 


1N57608 
1N5261B 
1N5262B 
1N4370 
.OM2.5AZ10 
1N4371 
OM2.8AZ10 
1N4372 
1N746 
1N747 


1N748 
1N749 
1N750 
1N751 
1N752 
.5M6.0AZ10 
1N753 
1N754 
1N755 
1N756 


.SM8.7AZ10 
1N757 
1N758 
OM11AZ10 
1N759 
1N964A 
.9M14Z10 
IN965A 
1N966A 
.OM17Z10 


1N967A 
.5M19Z10 
1N968A 
1N969A 
1N970A 
.OM25Z10 
1N971A. 
.9M28Z10. 
1N972A 
1N973A 


1N974A 
1N975A 
1N976A 
1N977A 
1N978A 
1N979A 
.9M60Z10 
1N980A 
IN981A 
1N982A 


ZENER INDEX CROSS-REFERENCE (Continued) 


1N5884 
-1N5885 
1N5886 
1N5887 
1N5888 
1N5889 
1N5890 
1N5891 
1N5892 
1N5893 


1N5894 
1N5895 
1N5896 
1N5897 
1N5908 
1N5913A 
1N5914A 
1N5915A 
1N5916A 
1N5917A 


1N5918A 
1N5919A 
1N5920A 
1N5921A 
1N5922A 
1N5923A 
1N5924A 
| 1N5925A 
1N5926A 
1N5927A 


1N5928A 
1N5929A 
1N5930A 
1N5931A 
1N5932A 
1N5933A 
1N5934A 
1N5935A 
1N5936A 
1N5937A 


1N5938A 
{N5939A 
1N5940A 
1N5941A 
1N5942A 
1N5943A 
1N5944A 
1N5945A 
1N5946A 
1N5947A 


1N5948A 
1N5949A 


INS5951A 
1N5952A 
1N5953A 
1N5954A 
1N5955A 
1N5956A 
1N5985 


1 1N5950A 


1N5908 

1N5913A 
1N5914A 
1N5915A 
1N5916A 
1N5917A 


1N5918A 
1N5919A 
1N5920A 
1N5921A 
1N5922A 
1N5923A 


1N5925A 
1N5926A 
1N5927A 


1N5928A 
1N5929A 
1N5930A 
1N5931A 
1N5932A 
1N5933A 
1N5934A 
1N5935A 
1N5936A 
1N5937A 


1N5938A 


1N5940A 
1N5941A 
1N5942A 


1N5944A 
1N5945A 
1N5946A 
1N5947A 


1N5948A 
1N5949A 
1N5950A 
1N5951A 
1N5952A 
1N5953A 
-1N5954A 
1N5955A 
1N5Q56A 


1N5924A 


IN5939A 


1N5943A — 


Motorola Motorola : | Motorola Motorola 
‘Industry ~ Direct ‘Similar Industry Direct ‘Similar 
Part Number Replacement Replacement Part Number Replacement Replacement 


1N983A 
.9M87Z10 © 
1N984A 
1N985A 
1N986A 
| 1N987A 
1N988A 
4AM 140Z10 
1N989A 
1N990A 


AM170Z10 
1N991A 
4M 190210 
1N992A 


| 1N5985A 
1N5986 
1N5986A 
1N5987 
1N5987A 
1N5988 
1N5988A 


1N5989A 
-1N5990 


1N5990A 
1N5991 


| 1N5992 
1N5992A 
1N5993 
1N5993A 
1N5994 
1N5994A 
1N5995 


1N5995A 
1N5996 
1N5996A 
1N5997 
1N5997A 
1N5998 
1N5998A 
1N5999 
1N5999A 
1N6000 


IN6000A 
1N6001 
IN6001A 
1N6002 
1N6002A 
1N6003 


1N6004 
| 1N6004A 
1N6005 


1N6005A 
1N6006 
1N6006A 
1N6007 


1N6008 
1N6008A 
1N6009 
1N6009A 
1N6010 


1N6010A 
1N6011 
| IN6011A 
| 1N6012 
1N6012A 
7 1N6013 
} 1N6013A 
| 1N6014 


1N5221 1N6015 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. — 


1-54 


1N5989 


1N5991A 


1N6003A . 


{NG007A 


}1N6012A 


{N6014A | 


1N5985A — 
1N5986A 


1N5987A 


1N5988A 


1N5989A 


1N5990A 


1N5991A 


1N5992A 


1N5993A 


1N5994A 


1N5995A 


1N5996A 


1N5997A 


1N5998A 


1N5999A 


| IN6000A 


1N6001A 


1N6002A 


1N6003A 


1N6004A 


1N6005A 


IN6006A 


1N6007A 


1N6008A 


1N6009A 


1N6010A 


IN6011A 


1N6013A 
1NGO14A 


1N6016 
1N6017 
1N6018 
1N6019 
1N6020 


1N6021 
1N6022 
1N6023 
1N6024 
1N6025 


1N6026 
1N6027 
1N6028 
1N6029 
1N6030 
1N6031 
1N6267 
1N6268 
1N6269 


1N6270 
1N6271 
1N6272 
1N6273 
1N6274 
1N6275 
1N6276 
1N6277 
1N6278 
1N6279 


1N6280 
1N6281 
1N6282 
1N6283 
1N6284 
| 1N6285 
1N6286 
1N6287 
1N6288 
1N6289 


1N6290 
1N6291 
1N6292 
1N6293 
1N6294 
1N6295 
1N6296 
-1N6297 
1N6298 
1N6299 


Industry 
Part Number 


1N6015A 
1N6016A 
1N6017A 
1N6018A 
1N6019A 


1N6020A 
1N6021A 
1N6022A 
1N6023A 
1N6024A 


1N6025A 


ZENER INDEX CROSS-REFERENCE (Continued) | 


Motorola 
Direct 
Replacement 


1N6267 
1N6268 
1N6269 


1N6270 
1N6271 
1N6272 
1N6273 
1N6274 
1N6275 
1N6276 
1N6277 
1N6278 
1N6279 


1N6280 
1N6281 


1N6283 
1N6284 
1N6285 
1N6286 
1N6287 
1N6288 
1N6289 


1N6290 
1N6291 
1N6292 
1N6293 
1N6294 
1N6295 
1N6296 
1N6297 
1N6298 


1N6015A 
1N6016A 
1N6017A 
1N6018A 
1N6019A 


1N6020A 
1N6021A 
1N6022A 
1N6023A 
1N6024A 


1N6025A 


1N6282 | 


1N6299 


Motorola 
Similar, 
Replacement 


Industry 
Part Number 


1N6300 
1N6301 
1N6302 
1N6303 
1N6373 
1N6374 
1N6375 
-1N6376 
1N6377 
1N6378 


1N6379 
1N6380 
1N6381 
1N6382 
1N6383 
1N6384 
1N6385 
1N6386 
1N6387 
1N6388 


1N6389 
1$2030,A 
THRU 
1S2160,A 
1$3006,A 
THRU 
1$3200,A 
187030,A 
THRU 
1S7160,A 


175.6 

THRU 
1100 
176.8,A,B 

THRU 
1TA200,A,B 
1Z3.9T20,10,5 

THRU 
1Z30T20,10,5 
12$3.3 


THRU 
128100 
2VR6.2 

THRU 
2VR200 
3/4LZ3.3D,10,5 

THRU 
3/4L27.5D,10,5 
3/42Z6.8D,10,5 

THRU 


3/42200D,10,5 
3EZ6.8D,10,5 
THRU 
3EZ2000,10,5 
3R7.5,A,B 
THRU 
3R200,A,B 
31Z7.5,A,B,C,D 
THRU 
3Z200,A,B,C,D 


1N5261 


1N5262 


1N5263 


1N5265 


1N5266 


1N5267 


1N5268 


1N5270 


1N5271 


1N5272 


1N5273 
1N5274 
1N5276 
1N5277 
1N5279 
1N5281 


Motorola 
Similar 
Replacement . 


Motorola 
Direct 
Repiacement 


1N6300 
1N6301 
1N6302 
1N6303 
1N6373 
1N6374 
1N6375 
1N6376 
1N6377 
1N6378 


1N6379 
1N6380 
1N6381 
1N6382 
1N6383 
1N6384 
1N6385 
1N6386 
1N6387 
1N6388 


1N6389 
.5M3.3AZ10,5 
THRU - 
.5M16Z10,5, 
1M6.82S10,5 
THRU 
1M200ZS 10,5 
1.5M3.3AZ10,5 
THRU 
.OM16Z10,5 


1M6.82Z10,5 
THRU 
1M2002Z,10,5 
1M3.9AZ,10,5 
THRU 
1M30Z, 10,5 
1M3.3ZS 


THRU 
1M100ZS 
1M6.2ZS 10 

THRU 
1M200ZS10 
1M3.3AZ,10,5 

THRU 
1M7.5AZ,10,5 
1M6.8Z,10,5 

THRU 


1M200Z,10,5 

5M6.8ZS,10,5 
THRU 

5M200ZS,10,5 .} 


5M7.5ZS,10,5 

| THRU 

5M200ZS,10,5 

5M7.5ZS, 10,5, 1,2 
THRU 

5M2002ZS, 10,5,1,2 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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_ Motorola 4. © Motorola 


Industry 


Direct —. Similar — Industry | 
Part Number Replacement | Replacement Part Number 
3VR6,A | BZX79-C4V7 
THRU | 
BZX79-C9V1 
10M3.9AZ,10,5 © ‘BZX79-C10 
THRU | — THRU 
3Z30T20,10,5 10M30Z,10,5 BZX79-C75 
5EZ3.3D,10,5  |5M3.3ZS,10,5 BZY88-C3V3 
THRU THRU THRU: 
5EZ200D,10,5 |5M200ZS,10,5 ‘BZY88-C30 — 
5Z8.2G(R),A,B | 10M8.2Z(R),10,5 BZY91-C7V5 
THRU THRU 
10M100Z(R),10,5 BZY91-C75 
1N5338A BZY93-C7V5 
THRU THRU 
1N5364A | BZY93-C75 
5M3.3ZS,10,5 BZY96-C4V7 
THRU THRU 
5M100ZS,10,5 BZY96-C75 
10M3.3AZ5 CODI6041 
THRU THRU CODI6045 
10L27.5D5 10M7.5AZ5 CODI6049 
10PZ6.8,A,B,C,D | 10M6.8Z,10,5,1,2 CODI6042 | 
THRU THRU CODI6046 
10PZ200,A,B,C,D} 10M200Z,10,5,1,2 CODI6050 
— 110R6.8,A,B 10M6.82,10,5 C4011 
THRU THRU THRU 
| 10R200,A,B 110M200Z,10,5 | | | C4029 
10RZ6.8,A,B,C,D | 10M6.82Z,10,5,1,2 ~ -t| 06012 
THRU THRU THRU 
/10RZ200,A,B,C,D} 10M200Z,10,5,1,2 C6032 
10T6.8,A,B -110M6.8Z,10,5 CD3168 
THRU THRU THRU 
10T200,A,B 10M200Z, 10,5 | CD3174 
10Z3.9,A,B 10M3.9AZ, 10,5 ‘CD4112 
THRU THRU THRU 
10Z200,A,B 10M200Z,10,5 CD4115 
10Z6.8D(R),10,5 | 10M6.8Z(R),10,5 CD3100001 
| THRU | THRU THRU 
10Z200D(R),10,5 | 10M200Z(R),10,5 CD3100025 
S0LZ3.9D(R)5 — {50M3.9AZ(R)5 _| 1.0D3112016 
THRU THRU ~ THRU 
50LZ7.5D(R)5 |50M7.5AZ(R)5 CD3112032 
50SLZ3.9D(R)5 |50M3.9ASZ(R)5 CD3212048 
THRU =| THRU THRU 
50SLZ7.5D(R)5 + |50M7.5ASZ(R)5 CD3212062 
50SZ6.8D(R), 10,5} 50M6.8SZ(R),10,5] . CD3214738 
THRU | THRU THRU 
‘50SZ200D(R),10,5] 50M200SZ(R),10,5 .CD3214752 
150T6.8 50M6.8ZS10 Le CD3907562 
THRU THRU THRU 
50T200 50M200ZS 10 CD3909732 
50Z6.8D(R),10,5 }50M6.8Z(R),10,5 CL1020 
THRU : THRU CL1520 
50Z200D(R),10,5 |50M2002Z(R),10,5] - CL2210 
BZX61-C7V5_— CL2220 
THRU -| CL3310 
- 1BZX61-C75 CL3320 
BZX70-C10 | CL4710 
THRU. ets | -CL4720 
BZX70-C75. ft é “yd = 1 | CL6810 
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| Motorola | Motorola , 
|. Direct © Similar 
Replacement Replacement | Page # 
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BZX79-C4V7 
THRU 
BZX79-C9V1 
BZX79-C10 
THRU 
BZX79-C75 


5M3.3AZ5 
THRU 
5M30Z5 
50M7.5ZS5 
THRU 
50M75ZS5 
10M7.5Z5 
THRU 
10M75Z5 
1M4.7AZ5 
THRU 
1M75Z5 
MZ2360 
MZ2360 


MZ2360 
MZ2361 
MZ2361 
MZ2361 
1N746-1N759 
THRU 
1 1N957-1N973 
MZC2.7A10 
THRU 
MZC47A10 


1N5262 
THRU 
1N5268 
1N3154 
THRU 
1N3157 


Motorola Motorola 
Industry Direct Similar 
Part Number Replacement Replacement 
CZ3.9,A,B,C,D | 
THRU 
CZ200,A,B,C,D 
DI-746 
DI-759 
DI-957 
DI-976 
DSZ3006 
THRU 
DSZ3100 5M100ZS5 
EVR6,A 1M6.8ZS10,5 
THRU THRU 
EVR150,A 1M1502$10,5 
G427.5 .OM7.5Z10 
THRU THRU 
G4Z110 .5M110Z10 
GA4Z2.4 5M2.4AZ 
THRU THRU 
GA4Z12.0 SM12AZ 
GARE SERIES 1N821 SERIES 
GLAZ2.6A 1N702A 
THRU THRU 
GLAZ6.8A 1N710A 
GLZ7.0A 1N763A 
THRU THRU 
GLZ24A 1N769A 
GLZ7.5A IN711A | 
_ THRU THRU 
GLZ100A 1N738A. 
‘GRE11.7 SERIES 1N941 SERIES 
GRE SERIES 1N935 SERIES 
GW6.8,A,B 1M6.8ZS,10,5 
THRU THRU 
GW200,A,B 1M200ZS, 10,5 
HM6.8 1N746-1N759 
THRU THRU 
HM200 1N957-1N992 
HW6.8,A,B -1M6.8ZS,10,5 
THRU THRU 
HW200,A,8 1M200ZS, 10,5 
ICT-5 ICTE-5 
ICT-8 ICTE-8 
ICT-10 ICTE-10 
ICT-12 ICTE-12 
ICT-15 ICTE-15 © 
ICT-18 ICTE-18 
ICT-22 ICTE-22 
ICT-36 ICTE-36 
ICT-45 : ICTE-45 
ICTE-5 ICTE-5 
ICTE-5C ICTE-5C - 
ICTE-8 ICTE-8 
ICTE-10 ICTE-10 
ICTE-12 ICTE-12 
ICTE-15 | ICTE-15 
ICTE-18 © ICTE-18 
ICTE-22. ICTE-22 
ICTE-36 ICTE-36 
ICTE-45 © ICTE-45 


ZENER INDEX CROSS-REFERENCE (Continued) 


Industry 
Part Number 


JZ3.9,A,B,C,D 


THRU 


JZ200,A,B,C,D 
LMZ3.3,A | 


THRU 


1LMz200,A 


LPM7.5,A ° 
THRU 

LPM200,A 

LPZ7.5,A 
THRU 


LPZ200,A 
LPZT8.2 
THRU 
LPZT33 
LVA43,A,B,C 
THRU 


LVA100,A,B,C 
LVA343,A,B,C 


THRU 


LVA3100,A,B,C 


M4Z7.5,A 
THRU 
M4Z110,A 
MC6007,A 
THRU 
MC6030,A 
MC6107,A 
THRU 
MC6130,A 


| MC6400,MC6401 


MC6402,MC6403 
MC6404,MC6405 
MC6406,MC6407 


MC6416 
MC6417 


MC6418 


MC6419 
MC6420 
MC6421 
MC6422 


MC6423 


MC6424,MC6425 


(M)GLA28 


THRU 
(M)GLA100 
(M)HLA328 

THRU 


| (M)HLA3100 


(M)LLA328 
THRU 
(M)LLA3100 
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Motorola 


Direct 


Replacement 
1M3.9ZS,10.5,1,2 


THRU 


Motorola 
Similar 
_ Replacement 


1M200ZS.10,5,1,2] - 


1M3.32$10,5 


THRU 


1M200ZS 10,5 
1M7.52Z$10,5 


THRU 


1M200ZS 10,5 


1M2002S 10,5 


1M8.2ZZ10 
THRU 
1M33ZZ10 


MCL1300 
MCL1301 
MCL1302 
MCL1303 
MCL1304 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


1N5521A,B,C,D 
THRU 
1N5530A,B,C,D 
1N5521A,B,C,D 
THRU 
1N5530A,B,C,D 
.OM7.5Z10,5 


THRU 
.9M110Z10,5 


» 11N746-1N759 


THRU 

1N957A-1N977A 

1M6.82S10,5 
THRU 


11M472ZS10,5 


1N821 


1N823 
1N825 
1N827 
1N935 
1N935A 
1N936 
1N936A - 
1N937 
1N937A 
1N938 
1N939A 


1N829 
1N937 


1N939A 


1N5518 SERIES 


THRU 
1N5518 SERIES 
1N5518 SERIES 
THRU 
1N5518 SERIES 
1N5518 SERIES 
THRU 
1N5518 SERIES 


—Pimiis221 


| | Mz92-5.1 1N751 
THRU THRU -1Mz92-5.6 4N7520 
1 MLL5270 MLL5270 MZ92-6.0 5M6.0AZ10 
MLL4728 MLL4728 MZ92-6.2 1N753. 
THRU THRU 1. MZ92-6.8 1N754 
MLL4764 MLL4764 MZ92-7.5 1N755 
MLV746A | MZ92-8.2 1N756 
THRU MZ92-8.7 5M8.7AZ10 
MLV759A Mz92-9.1 1N757 
MLV4370A Mz92-10 _ 1N758 
THRU Mz92-11 5M11AZ10 
MLV4372A | Mz92-12 1N759 
MMZ7.5,A 1M7.5ZS10,5 MZ92-13 1N964A 
THRU THRU | Mz92-14 5M14Z10 
MMZ200,A 1M200ZS10,5 MZ92-15 {1NQ65A 
MPT-5 | MZ92-16 1NO66A 
MPT-8 MZ92-17 5M17Z10 
MPT-10 MZ92-18 1NQ67A 
MPT-12 | MZ92-19 5M19Z10 
MPT-15 MZ92-20 1N968A 
MPT-18 Mz92-22 | 1N969A 
MiMsee MZ92-24 1N970A 
MPT-36 MZ92-25 5M25Z10 
MPT-45 MZ92-27 1N971A 
MPTE-5 MPTE-5 MZ92-28 5M28Z10 
MPTE-8 MPTE-8 MZ92-30 1N972A 
| MPTE-10 MPTE-10 | 1 Mz92-33 1 1N973A 
MPTE-12 MPTE-12 /MZ92-36 {N974A 
MPTE-15 MPTE-15 Mz92-39 1N975A 
MPTE-18 MPTE-18 - MZ92-43 1N976A 
MPTE-22 MZ92-47 1N977A 
MPTE-36 Mz92-51 {1N978A 
MPTE-45 MZ92-56 1N979A 
MPZ5-16A MZ92-60 5M60Z10 
MPZ5-16B Mz92-62 1N9B0A 
MPZ5-32A {1N9B1A 


ZENER INDEX CROSS-REFERENCE (Continued) 


| | “Motorola =| ~~ Motorola. | Jo Motorola Motorola | 
_ Industry — Direct - Similar fe Industry = Direct Similar 
Part Number ~ Replacement | Replacement | Page.# | | Part Number Replacement | Replacement 


MLL5221 | 


Mz92-68 


MPZ5-32B 
MPZ5-32C 
MPZ5-180A 
MPZ5-180B 
MPZ5-180C 


1N2620 SERIES 


1N982A 
1N983A 
.OM87Z10 
1N984A 


1N985A 
1N986A 
1N987A © 
1N988A 
-4M140Z10 
1N989A 
1N990A 
.4M1702Z10 
IN991A 
-4M190Z10 


1N992A © 
5M200ZS5: 


MPZ5-180A 
MPZ5-180B 
MPZ5-180C 


1N821,A SERIES 
1N935,A,B SERIES 
1N940,A,B SERIES 


1N746-1N759 
‘THRU 
1N957-1N977 
10M7.5,10,5 
THRU 


1N4370 


M2.5AZ10 


MZ92-2.7 1N4371 THRU 
Mz92-2.8 5M2.8AZ10 | 5M110ZSB5 
Mz92-3.0 10M2002105 | 
3 5M200ZS10 
THRU 
5M110ZSB10 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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Industry 
Part Number 


MZ240 
_ THRU 


MZ322 
MZ320 
THRU 
MZ340 
MZ500-1 
MZ500-2 
MZ500-3 
MZ500-4 
MZ500-5 
MZ500-6 


MZ500-7 

MZ500-8 

MZ500-9 

MZ500-10 
MZ500-11 
MZ500-12 
MZ500-13 
MZ500-14 
MZ500-15 
MZ500-16 


MZ500-17 
MZ500-18 
MZ500-19 
MZ500-20 
MZ500-21 
MZ500-22 
MZ500-23 
MZ500-24 
MZ500-25 
MZ500-26 


MZ500-27 
MZ500-28 
MZ500-29 
MZ500-30 
MZ500-31 
MZ500-32 
MZ500-33 
MZ500-34 
MZ500-35 
MZ500-36 


MZ500-37 
MZ500-38 
MZ500-39 
.MZ500-40 
MZ605 
MZ610 
MZ620 
MZ623-9 
MZ623-9A 
'MZ623-9B 


MZ623-12 
MZ623-12A 
MZ623-12B 
MZ623-14 
MZ623-14A 
MZ623-14B 
MZ623-18 
MZ623-18A 


THRU 


5M200ZS20 
THRU 


1N5221A 
1N5223A 
1N5225A 
1N5226A 
1N5227A 
1N5228A 


1N5229A 
1N5230A 
1N5231A 
1N5232A 
1N5234A 
1N5235A 
1N5236A 
1N5237A 
1N5239A 
1N5240A 


1N5241A 
1N5242A 
1N5243A 
1N5245A 
1N5246A 
1N5248A 
1N5250A 
1N5251A 
1N5252A 
1N5254A 


1N5256A 
1N5257A 
1N5258A 
1N5259A 
1N5260A 
1N5261A 
1N5262A 
1N5263A 
1N5265A 
1N5266A 


1N5267A 
1N5268A 
1N5270A 
1N5271A 


1N4749A 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


5M200ZSB10 


5M110ZSB20 


5M200ZSB20 


MZ623-18B 
MZ623-25 


MZ623-25A 
MZ623-25B 
MZ640 
MZ706 
THRU 
MZ806 
MZ906 
MZ1000-1- 
MZ1000-2 
MZ1000-3 


MZ1000-4 
MZ1000-5 
MZ1000-6 
MZ1000-7 
MZ1000-8 
MZ1000-9 
MZ1000-10 
MZ1000-11 
MZ1000-12 
MZ1000-13 


MZ1000-14 
MZ1000-15 
MZ1000-16 
MZ1000-17 
MZ1000-18 
MZ1000-19 
MZ1000-20 
MZ1000-21 
MZ1000-22 
MZ1000-23 


MZ1000-24 
MZ1000-25 
MZ1000-26 
MZ1000-27 
MZ1000-28 
MZ1000-29 
MZ1000-30 
MZ1000-31 
MZ1000-32 
MZ1000-33 


MZ1000-34 
MZ1000-35 
MZ1000-36 
MZ1000-37 
MZ2360 
MZ2361 | 
MZ5210 
THRU 

MZ5220 
MZ5222 


THRU 
MZ5240 
MZ5555 
MZ5556 
MZ5557 
MZ5558 
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Industry 
Part Number 


Motorola Motorola 
Direct Similar 
Replacement Replacement 


1N4749A 
1N4755A 


1N4755A 
1N4755A 


9M6.82S5 
THRU 
5M6.82ZS 10 
5M6.8ZS20 
1N4728 
1N4729 
1N4730 


1N4731 
1N4732 
1N4733 
1N4734 
1N4735 
1N4736 
1N4737 
1N4738 
1N4739 
1N4740 


1N4740 
1N4742 
1N4743 
1N4744 
1N4745 
1N4746 
1N4747 
1N4748 
1N4749 
1N4750 


1N4751 
1N4752 
1N4753 
1N4754 
1N4755 
1N4756 
1N4757 
1N4758 
1N4759 
1N4760 


1N4761 
1M862G10 
1N4763 
1N4764 


5M100ZS10 
THRU 

9M2002ZS 10 

9M110ZSB10 


THRU 
5M200ZSB10 
1N6283A 
1N6287A 
1N6289A 
1N6303A 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. 


Industry 


'MZ5806 
~ THRU 
MZ5890 


P6KE6.8 
P6KE7.5 
P6KE8.2 
P6KE9. 1 
P6KE10 
P6KE11 
P6KE12 
P6KE13 
P6KE15 


P6KE16 
P6KE18 
P6KE20 
P6KE22 
| PBKE24 
P6KE27 
P6KE30 
P6KE33 
P6KE36 
P6KE39 


P6KE43 
P6KE47 
P6KES1 
| PEKE56 
P6KE62 
P6KE68 
P6KE75 
P6KE82 
P6KE91 
P6KE100 


P6KE110 
P6KE120 
P6KE130 
P6KE150 
P6KE160 
P6KE170 
P6KE 180 
P6KE200 


THRU 
PD6020,A 
PD6041,A 

THRU 
PD6061,A 


THRU 


PRD105 
PRD110 
PRD120 
PRD140 
PRD160 


Part Number 


MZP5221,A,B 
MZP5270,A,B 


PD6000,A . 


PD6201,A,B,C 


PD6210,A,B,C 
PR6105-PR6450 
PR6105A-PR6450A 
PR9110-PR9450 


~ | PR9110A-PR9450A 


ZENER INDEX CROSS-REFERE 


Motorola 


Direct 


1N5221,A,B 


1N5270,A,B 
P6KE6.8 
P6KE/.5 
P6KE8.2 
P6KE9.1 
P6KE10 - 
P6KE11 
P6KE12 
P6KE13 
P6KE15 


P6KE16 
P6KE18 
P6KE20 
P6KE22 
P6KE24 
P6KE27 
P6KE3O 
P6KE33 
P6KE36 
P6KE39 


P6KE43 
P6KE47 
P6KES1 


| P6KES6 


P6KE62 
P6KE68 
P6KE75 
P6KE82 
P6KE91 
P6KE100 


P6KE110 
P6KE120 
P6KE130 
P6KE150 
P6KE160 
P6KE170 
P6KE180 
P6KE200 


1N825 
1N827 
1N937 


1N938 
MZ605 
Mz610 
MZ620 
MZ640 
MZ640 


Replacement . 


Motorola 
- Similar 
Replacement 


5M6.8ZS 10 
THRU 
5M90ZS10 


1N957A-1N968A 
1N746-1N759 
THRU 
1N957A-1N968A 
1N5521A,B,C,D 
THRU 
1N5530A,B,C,D 


NCE (Continued) 


-} Part Number 


| SZ2.4,A 


Motorola 


Industry ‘Direct 


PS3535 
THRU 
PS3539 
PS3546 


THRU 
PS3549 
SG1910 
THRU 
$G1912 
$G1920 
SG1922 
SSI 
$S1-2 
STB567. 


SV7401 


| SVR4732,A 


THRU 
SVR4764,A 
5X30 

THRU 
5X 120 


THRU 
1M16ZS10,5 


THRU 
5Z16.0,A 


TZ3.9,A,B,C,D 
THRU THRU 
TZ200,A,B,C,D 
UZ120 
THRU 
UZ220 
UZ122 
THRU 
UZ222 
UZ140 
THRU 
UZ240 
UZ706 


| UZ806 ~ 


UZ3016,A,B | 
UZ3051,A,B 
UZ3235,A,B 
THRU 
UZ3281,A,B 
UZ3470,A,B 


UZ3515,A,B 
UZ4116,A,B 
UZ4706,A,B 
UZ4736,A 
THRU 
UZ4764,A 
UZ5120 
THRU 
UZ5220 
UZ5122 


| THRU 


UZ5222 
UZ5140 
THRU 
UZ5240 


*These devices are manufactured by Motorola but no data sheet available — Consult Factory. 
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| Replacement 


1M2.4ZS$10,5 


1M3.9ZS,10,5,1,2 
| 1M200ZS,10,5,1,2 


Motorola 
~ Similar 
Replacement 


MZ2360 
THRU 
MZ2360 
MZ2361 
MZ2361 
MZ2360 
MZ2361 
MZ2361 


MZ605 
1M4.7ZS10,5 
THRU 
1M100ZS10,5 
1M30ZS5 
THRU 
1M120ZS5 


5M200ZS5 


5M200ZSB10 
5M6.8ZS5 
5M6.82S 10 
1N3016A,B 
1N3051A,B 
1N5235,A,B 
THRU 

1N5281,A,B 
1N2970A,B. 


1N3015A,B 
1N5384A ,B 
1N5342A,B 


14736, 


THRU 
1N4764,A 
5M200ZS5 


| THRU 


5M2002ZS10 
5M110ZSB5 


5M200ZSB10 


ZENER INDEX CROSS-REFERENCE (Continued) 


Industry 
Part Number 


UZ5706 
THRU 
UZ5806 
UZ7110 
THRU 


UZ7210 
UZ7706 
THRU 
UZ7806 
UZ8120 
THRU 
UZ8220 
UZ8706 
THRU 
UZ8806 


VR6.2 
THRU 
VR200 
Z4X5.1B,A 
THRU 
Z4X14B,A 
ZA6.8,A,B 
THRU 
ZA82,A,B 
ZAC6.8,A,B 


THRU 
ZAC200,A,B 
ZB6.8,A,B 

THRU 
ZB200,A,B 
ZBC6.8,A,B,C,D,E 

THRU 
ZBC200,A,B,C,D,E 
ZC6.8,A,B,C,D,E 

THRU 


2C200,A,B,C,D,E 
ZCC6.8,A,B,C,D,E 
THRU 
ZCC200,A,B,C,D,E 
ZD3.3,A,B 
THRU 
ZD6.2,A,B 
ZD3.9 
THRU 
ZD200 


ZD6.8,A,B 
THRU 
ZD200,A,B 
ZM3.9,A,B,C,D 
THRU 
ZM200,A,B,C,D 
ZS4.7,A,B 
THRU 
2836,A,B 


“These devices are manufactured by Motorola but no data sheet available — Consult Factory. | 


Motorola 
Direct 
Replacement 


1M6.22S 10 
THRU 
1M200ZS 10 
1M5.1AZ10,5 
THRU 
1M14Z10,5 


1M3.92S,10,5 


THRU 


1M200ZS,10,5 


1M3.9ZS,10,5,1,2 


THRU 


1M200ZS,10,5,1,2 


Motorola 
Similar 
Replacement 


5M6.8ZS5 
THRU 

5M6.8ZS 10 

10M100Z5 
THRU 


10M100Z10 
10M6.82Z5 
THRU 
10M6.8210 
1M200ZS5 
THRU 
1M200ZS 10 
1M6.8ZS5 
THRU 
1M6.82S 10 


1M6.8ZS,10,5 
THRU 

1M82ZS,10,5 

5M6.82S,10,5 


THRU 
5M200ZS,10,5 
1M6.8ZS,10,5 

THRU 
1M200ZS,10,5 
1M6.8,10,5,1,2,3 

THRU 
1M200,10,5,1,2,3 
5M6.8ZS,10,5,1,2 

THRU 


5M2002S,10,5,1,2 

5M6.8ZS,10,5,1,2 
THRU 

5M200ZS, 10,5,1,2 

1M3.3ZS,10,5 
THRU 

1M6.2ZS,10,5 


1M6.8ZS,10,5 
THRU 
1M200ZS,10,5 


1M4.7ZS,10,5 
THRU 
1M36ZS,10,5 


Motorola 
Direct 
Replacement 


Industry 


Page # Part Number 


1-61 


Motorola 
Similar 
Replacement 


RECTIFIERS 


Motorola is the world’s leading supplier of 
rectifiers, including those for use in switching 
power supplies. Wafer fabrication technology 
has constantly improved, leading to the product 
offering outlined in this selector guide. Today’s 
Motorola rectifiers embody the same precision 
technology as the most advanced ICs, and are 
capable of passing stringent environmental 
testing, including under the hood of an 
automobile. 


In addition to improved quality, rectifier 
product trends are toward higher operating 
temperature, faster switching times, plastic 
packages (translate lower cost) and use of dual 
rectifier modules. 


ZENER DIODES 


Motorola’s standard Zeners and Avalanche 
Regulator diodes comprise the largest 
inventoried line in the industry. Continuous 
development of improved manufacturing 
techniques have resulted in computerized 
diffusion and test, as well as critical process 
controls learned from surface-sensitive MOS 
fabrication. Resultant high yields lower factory 
costs. Check the following features for 
application to your specific requirements: 


e Wide selection of package materials and styles: 
Plastic (Surmetic) for low cost, mechanical 
ruggedness 
Glass for highest reliability, lowest cost 
Metal for highest power 


e Power ratings from 0.25 to 50 Watts 


e Breakdown voltages from 1.8 to 200 V in 
approximately 10% steps 


e Available tolerances from 10% (low cost) to a 
tight as 1% (critical applications) with off-the- 
shelf delivery 


e Special selection of electrical characteristics 
available at low cost due to high-volume lines 
(check your Motorola sales representative for 
special quotations) 


@ JAN/JANTX(V) availability. 


e Special glass now used in DO-35 type packages 
is compatible with low temperature alloy 
processes, yielding sharper breakdown and low 
leakage. 
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RECTIFIERS ts. # -*. es 
Schottky Rectifiers : ss en 


~SWITCHMODE Schottky Power Rectifiers with the high speed and low forward 
voltage drop characteristic of Schottky’s metal/silicon junctions are produced with 
ruggedness and temperature performance comparable to silicon-junction rectifiers. 
Ideal for use in low voltage, high frequency power supplies and as very fast 
clamping diodes, these devices feature switching times less than 10 ns, and are 
offered in current ranges from 0.5 to 300 amperes, and reverse voltages to 45 volts. 


In some current ranges, devices are available with junction temperature specifications of 
125°C, 150°C, 175°C. Devices with higher Ty ratings can have significantly lower 
leakage currents, but higher forward-voltage specifications. These parameter tradeoffs 
should be considered when selecting devices for applications that can be satisfied by 
more than one device type number. Detailed specifications are available on . 
the individual data sheets. | 


sores See 
# GS 


Delica ena 
267 
Plastic 


MBRO30 1N5818 1N5821 
MBRO40 1N5819 1N5822 


221B-01 


(DO-204AH) (TO-220AC) 2 
Glass Plastic Plastic 


MBR735 MBR1035 


TX versions available. ; a 
Values are for the 40-Volt units. The lower voltage parts provide lower limits. _ 

lo is total device output. . ; 
+ Must be derated for reverse power dissipation. See Data Sheet. 


SCHOTTKY RECTIFIERS (contiunued) 


There are many other standard features in Motorola Schottky rectifiers 
that give added performance and reliability. 


1. GUARDRINGS are included in all Schottky die for reverse voltage stress 
protection from high rates of dv/at to virtually eliminate the need for snubber 
networks. The guardring also operates like a zener and avalanches when subjected 
to voltage transients. 

2. MOLYBDENUM DISCS on both sides of the die minimize fatigue from power cycling in 
all metal product. The plastic TO-220 devices have a special solder formulation for the 
same purpose. 


3. QUALITY CONTROL monitors all critical fabrication operations and performs 
selected stress tests to assure constant processes. 


221A-02 
(TO-220AB) 
Plastic 


(TO-220AC) 
Plastic 


(TO-220AB) 
Plastic 


Dual Diode** 


| 1N6096 
MBR1645_ MBR2045CT 


Dual Diode** 


presonarynoney aS Ua ea saean eRe stg aropies aoe ° <7 oes ™ 5 


TX versions available. 
Values are for the 40-Volt units. The lower voitage parts provide lower limits. 
lo is total device output. 


* 
ek 


SCHOTTKY RECTIFIERS (contiunued) 


O 
+ Lo 
225 
On GS 
tos 
MOA 
aes 


221A-02. 
(TO-220AB) 
Plastic 


Dua! Diode** 


Dual Diode** Dual Diode** 


(40 Mil Pins) 


MBR2535CT MBR3035PT MBR3535 


MBR3035CT 


SD41 
MBR2545CT MBR3045PT MBR3545 


$D241 
MBR3045CT 


TX versions available. 


imits. 


Values are for the 40-Volt units. The lower voltage parts provide lower | 


lo is total device output. 
t Must be derated for reverse power dissipation. See Data Sheet. 


SCHOTTKY RECTIFIERS (contiunued) 


357B-01 


Plastic 
POWER TAP 


Dual Diode*” 


MBR6035 MBR6535 MBR7535. MBR8035 MBR12035CT MBR20035CT MBR30035CT 


MBR6545 


“s MBR20045CT 
MBR7545 MBR8045 4N6459 MBR30045CT 


MBR12045CT 


lo ts total device output. 


Ultrafast Recovery Rectifiers 


EXPANDING the SWITCHMODE Rectifier family are these ultrafast devices with 
reverse recovery times of 25 to 100 nanoseconds. They complement the broad 
Schottky offering for use in the higher voltage outputs and internal circuitry of 
switching power supplies as operating frequencies increase from 20 kHz to 250 kHz. 
Additional package styles and operating current levels are planned. 


Se 


221B-0 
' (TO-220AB) (TO-220AC) (TO-220AB) 
Plastic Plastic Plastic Plastic Plastic 


“iS 


Dual Diode ** Dual Diode** 


oe 
T y peas : ros on 


nn en 
& Sa 


we 


lo per leg is half. _ 4 
Reverse Polarity (Anode-To-Case) indicated with an "R” Suffix. 


ULTRAFAST RECOVERY RECTIFIERS (continued) 


Se 


” 357B-01 


(TO-218AC) 
Plastic 


Plastic 
POWER TAP 


Dual Diode ** 


ee 
as ae Ca na SNE 
Le 


Dual Diode** 


ae 


lo per leg is half. 
Reverse Polarity (Anode-To-Case) indicated with an “R” Suffix. 


Rectifier Bridges | 


Motorola SUPERBRIDGES offer cost effectiveness and reliability in single phase 
applications. Chip/leadframe techniques are used for lower-current types, while 
the higher current assemblies combine pretested “button” rectifier cells for low 
assembly cost and high yields. Performance of four individual diodes is achieved 
at the cost of only two, with reliability of the whole assembly comparable to that 
of a single unit. The higher current assemblies feature versatile slip-on/solder/wire 
wrap terminals. 


Ses oe 
7A-02 


309A-02 


BRR 


1-3/8% 
Sa 


MDA3500 
3N254 
MDA201 MDA2501 MDA3501 
3N248 MDAQ20A4 MDA970A3 MDA2502 MDA3502 
MDA102A , 
3N249 3N256. | , 
| MDAI104A MDA920A6 MpAb0s MDA970A5 MDA2504 MDA3504 
| 3N250 3N257 
i anak MDAQ20A7 once ; a MDA2506 - MDA3506 | 
3N251__ | 3N258 
3N252 3N259 : 


MDAS920A2 


MDA920A3 


3N247 
MDA101A 


MDA970A2 


CF: Consult Factory. . Al UL Dimensions given are nominal 
RECOGNIZED E61980 . 


Note 1. The MDA9Q70A series replaces the MDA970 in the new Case 117A-02, which has minor changes over the old Case 117. 
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Fast Recovery Rectifiers 


.. available for designs requiring a power rectifier having maximum 
switching times ranging from 200 ns to 750 ns. These devices are 
offered in current ranges of 1.0 to 50 amperes and in voltages to 1000 volts. 


_ Plastic Plastic Plastic 


t1N4935 


+1N4936 
t1N4937 


* Must be derated for reverse power dissipation. See Data Sheet. 
+ Package Size: 0.120” Max Diameter by 0.260” Max Length. 


FAST RECOVERY RECTIFIERS (continued) _ aa 


Plastic 
Note 1 


1N3879 1N3889 1N3899 MR2400F 1N3909 


Co 


TX versions available. . i 
Meets mounting configuration of TO-220 outline. 


Braided lead top terminal configuration available; consult your Sales Representative. 
lo is total device output. 
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General-Purpose Rectifiers 


Motorola offers a wide variety of low-cost devices, packaged to 

meet diverse mounting requirements. Avalanche capability is available 

in the axial lead 1.5,3 and 6 amp packages shown below to provide protection 
from transients. 


194-04 
(DO-15) Plastic 
Plastic 


25 [oe 
=, | we 


t+ Package Size: 0.120" Max Diameter by 0.260” Max Length. 
* 1N5059 series equivalent Avalanche Rectifiers. 
** Avalanche versions available, consult factory. 
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GENERAL-PURPOSE RECTIFIERS (continued) 


193-03 


(DO-21) 
Plastic Plastic Metal 


MR1120 

1N1199,A,B | IN1183A 
MR1121 

wooo | MRedor | unaso — 


Make | me | om [vom 
is | | | 
wate | me | a 
se [me —- 


Note 1. Meets mounting configuration of TO-220 outline. 
Note 2. Request Data Sheet for Mounting Information. 
Note 3. Available on special order. 


: --_-s SURFACE MOUNT LEADLESS RECTIFIERS 
! | MLL34—0.5 Watt General-Purpose Rectifiers 


50 60 ~ 35 


MRLOOS 
! : MRLO10 
! MRLO20 
| MRLO4O 


| MLL34—0.5 Watt Schottky Rectifiers 


MBRLO30 
MBRLO40 


| MLL41—1.0 Watt General-Purpose Rectifiers , 


| 
. 50 60 35 


| MLL4001 
| MLL4002 
| 7 MLL4003 
MLL4004 
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Zener and Avalanche Regulator Diodes 
General-Purpose Regulator Diodes 


or Pusey E Sibtrnnses FOE ang Rea 


Glass Surmetic 30 
DO-204AH 


DO-35) 


1N4678 1N4614.. 

1N4679 1N4615 

1N4680 |. 1N4616 

1N4681 | 1N4617- 1N4370 1N5221 1N5985A 
1N4682. |. ANGOIB 1N4371 1N5223 1N5986A 
1N4683 1N4372 1N5225 1N5987A 


1N4684 1N746 1N5226 1N5988A 1N4728 1N5913A 


1N3821 


1N4685 1N5227 1N5989A 1N4729 1N5914A 
1N4686 1N5228 1N5990A 1N4730 1N5915A 
1N4687 1N5229 1N5991A 1N4731 1N5916A 
1N4688 1N5230 1N5992A 1N4732 1N5917A 
1N4689 1N5231 1N5993A 1N4733 1N5918A 
1N4690_ 1N5232 IN5594A | 1N4734 1N5919A 
1N4691_ | 1N5234 1N5995A 1N4735 SANGB 2B} 1N5920A 
1N4692 |. oANTS4 1N5235 1N5996A 1N4736 1N3829 1N5921A 
: 1N957A ce INGO IBA 
ANT55 1N5236 1N5997A 1N4737 1N5922A 


1N4693 |. 
1na6oa | 


1N4695 


1N958A 


1N5237 1N5998A 1N4738 1N5923A 


1N959A 


1N5238 


1N4696 | 1N5239 1N5999A | 1N4739 1N5924A 

1N4697. |. Th 1N5240 1N6000A 1N4740 1N5925A 

1N4698_ | _1N: 1N5241 1N6001A 1N4741 1N5926A 
ae 1N5242 1N6002A 1N4742 1N5927A 

1N4700 1N5243 1N6003A 1N4743 1N5928A 

1N4701 1N5244 

1N4702 1N5245 1N6004A 1N4744 1N5929A 

1N4703 1N5246 1N6005A 1N4745 1N5930A 

1N4704 - 1N5247 

1N4705 1N5248 1N6006A 1N4746 1N5931A 


1N4706 1N5249 


1N4707 1N5250 1N6007A 1N4747 1N5932A 
1N4708 1N5251 1N6008A 1N4748 1N5933A 
1N4709 1N5252 1N6009A 1N4749 1N5934A 
1N4710 1N5253 


1N4711 
1N4712 


1N5254 
1N5255 


1N6010A 1N4750 1N5935A 


1N4713 1N5256 IN6011A 1N4751 1N5936A 
1N4714 1N5257 1N6012A 1N4752 1N5937A 
1N4715 1N5258 1N6013A 1N4753 1N5938A 
1N4716 1N5259 1N6014A 1N4754 1N5939A 


1N47 17 1N5260 1N6015A 1N4755 1N5940A 


“TIN4125 


1N5261 1N6016A 1N4756 1N5941A 
1N5262 1N6017A 1N4757 1N5942A 
1N5263 1N6018A 1N4758 1N5943A 
N41 28 oo 1N5264 
IN41.29°: 1N5265 1N6019A 1N4759 1N5944A 


yN4I300 


: 1N5266 1N6020A 1N4760 1N5945A 
AN ALST 1N5267 1N6021A 1N4761 1N5946A 
AN GT32000° 1N5268 1N6022A 1N4762 1N5947A 

MSI AS. 1N5269 
-N4134 1N5270 1N6023A 1N4763 1N5948A 
--4N46135 1N5271 1N6024A 1N5949A 
1N5272 1N6025A 1N5950A 


1N5273# 1N5951A. 


1N5274# 1N5952A 
1N5275# 
1N5276# 1N5953A 
1N5277# 1N5954A 
1N5278# 
1N5279# 1N5955A 


1N5281# @1M200ZS 10}: 1N5956A 


Peay JAN/JANTX(V) available, +5% only. 

TIN987-1N992 supplied in DO-7 glass package. 

#1N5273-1N5281 supplied in Surmetic DO-7 plastic package. 

@ 1M1102S10 Series supplied in Surmetic (Plastic) DO-41 package. 
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Surmetic 40 
Case 17 


Case 55 


1N3785A 1N5342A i 


1N5333A 
1N5334A 


1N4555A&RA 
N28 AB RA:|AN3305A&R; 
1N3786A 1N5343A.— | 1IN4564A&RA | 1N4556A&RA 


1N3788A IN5346A —s | TN 
1N3789A 1N5347A_ | N2074A8: 


1N3790A 1N5348A__ | _1N29 


1N3791A 1N5349A —s |. 1N2976 


{NQS77ABRA |. 


1N3792A IN5350A IN2977AERA. . 
1N5351A 1N2878A&RA 
1N3793A 1N5352A IN2Z979ABRRA 
1N3794A 1N5353A 
1N5354A 


1N3795A 1N5355A 


1N5356A 7 ! 1N3318A&RA 


1N3796A 1N5357A N3 
1N3797A 1N5358A N 
1N3798A 1N5359A 

1N5360A 
1N3799A 1N5361A 


1N5362A 


1N3800A 1N5363A 
1N3801A 1N5364A 
1N3802A IN5365A 
1N3803A 1N5366A 


1N3804A 1N5367A 2093A8R/ 
1N3805A 1N5368A 2996A&RA 
1N3806A 1N5369A N2997A&R 
1N3807A 1N5370A ‘A 


1N5371A 
1N5372A 
1N5373A 


1N5374A 


1N3808A 
1N3809A 


1N3810A 


1N3811A 1N5375A 

1N5376A 
1N3812A 1N5377A 
1N3813A 1N5378A 


1N3814A 


1N3815A 
1N3816A 


1N3817A 


1N5379A 


1N5380A 
1N5381A 


1N5383A 


1N3818A 1N5384A 
1N5385A 
1N3819A 1N5386A 


1N3820A 1N5388A 
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NOTES 


1. The Zener Voltage is measured at approximately 
1/4 the rated power, with the following exceptions: 
the 1N4678-4717 is measured with !7T = 50 pAdc; 
the. 1N4614/1N4099 is measured with Iz7 = 250 
wAdc; the 1N4370/1N746 and the 1N5221-5242 are 
measured with Izt = 20 mAdc; the 1N5985A-6012A 
is measured with Iz7 = 5 mA; 1N6013A-6023A is 
measured with !z7 = 2 MA; 1N6024-6025 is meas- 
ured with I7T = 1 MA. 


2. Contact your Motorola representative for infor- 
mation on intermediate voltages and tighter 
tolerances. 

Tolerances 
3. No suffix = +5% 
4. Asuffix = +10% — with guaranteed limits on Vz, 
Ve, and IR only 
B suffix = +5% 
C suffix = +2% 
D suffix = +1% 


5. 1N4370/1N746 series: No suffix = +10% 
A suffix +5% 
1N957 series: A suffix = + 10% 

B suffix = +5% 
Military parts in 1N4370/746/962 series and standard 
1N987-1N992 supplied in DO-7. Military parts in 1N4370/ 
746/962 are also available in the cost effective DO- 
204AH (DO-35) package as the -1 version. This version 
can be ordered by inserting a 1 between the part num- 
ber and the JAN, JTX or JTXV suffix, ie IN746A1JAN. 
MIL-STD 19500/117 and 127 state the -1 version is a 
direct substitute for the non -1 version. The -1 versions 
appear on MIL-STD 701 as the preferred parts for new 
designs. Military parts in 1N4614, 1N4099 and 1N5518A 
series supplied in DO-7. 


6. No suffix = + 10% with guaranteed limits 
on Vz,Veand Ip only. 
A suffix = +10% 
B suffix = +5% 


7. No suffix = +10% 
A suffix = +5% 


8. 1N3821 series: No suffix = +10% 
A suffix = +5% 
1N3016 series: A suffix = + 10% 
B suffix = +5% 
9. A suffix = +10% C suffix = +2% 
B suffix = +5% OD suffix = +1% 


10. A suffix = +10% 
B suffix = +5% 
Exception: 
1N3993—1N4000: No suffix = +10% 
A suffix = +5% 


11. A suffix = +10% 
B suffix = +5% 


12. RA and RB = Reverse Polarity Types 
Available 


13. A suffix + 10% 
B suffix = +5% 


Selected Zener Diode Options 


in cases where standard specifications do not meet application requirements, an appropriate 
device can be selected and ordered from the following options. This coding system is provided as 
a means of communicating a specific requirement to Motorola. Certain voltages, tolerances and 
packages may not be available. Contact your Motorola sales representative for availability, price, 


and minimum order quantities. 


NON-STANDARD ZENER DIODES 
SPECIAL VOLTAGE AND TOLERANCE RATINGS 


JEDEC “1N” type numbers denote a specific Zener voltage, power 
rating, and tolerance. For example, JEDEC type 1N4728 is a stan- 
dard 1 watt diode, rated at 3.3 volts + 10%. A suffix “A” on this 
type number indicates a + 5% voltage tolerance. 

Special Motorola devices, with a choice of voltages and toler- 
ances, are also available. The following diagram explains the Mo- 
torola coding system: 


z 
or 
M XXXX AZ 
Power Motorola Nominal Zener Tolerance 
Rating Zener Voltage PiOds (+ %) omit for 
(Watts) (Volts) + 20% units) 


4 Characters Max ) 
( Excluding Decimal 


For example, the code for a special 10 watt Zener diode with a 
voltage of 41 volts and a tolerance of + 1% would be: 10M41Z1. 
Following is a list of other standard Motorola symbols for special 
Zener device orders (X’s indicate nominal Zener voltage): 


1 AMXXAZXX 
1 AMXXXZXX 
AMXXAZXX 
AMXXXZXX 


1.4M2.4AZ10 series 

1.4M6.8210 series 

1N4370 & 1N746 series 
1N957 series 


250 mW, Glass, DO-35 


400 mW 500 mW, Glass, DO-7 
400 mW 500 mW, Glass, DO-7 


250 mW, Glass, DO-35 


MATCHED SETS OF ZENER DIODES 


Zener diodes can also be obtained in sets consisting of two or 
more matched devices. The method for specifying such matched 
sets is similar to the one described for specifying units with a special 
voltage and/or tolerance except that two extra suffixes are added 
to the code number described above. 

These units are marked with code letters to identify the matched 
sets and in addition, each unit in a set is marked with the same 
serial number which is different for each set being ordered. 


Zz 
bl 
Overall 
Power | Lrcterance 
wees ae of set 
si ag Diodes (+%) 
Nominal Voltage Tolerance 
(each device) per device (+ %) Code* 
( 4 Characters ex (omit for (A-Not Gaedi 
Excluding Decimal } + 20% units) . 
*Code: 


B — Two devices in series 

C — Three devices in series 

D — Four devices in series 

E — Five devices in series 

F — Six devices in series 

G — Seven devices in series 

H — Eight devices in series 

X — Two devices; one standard polarity, the other reverse 

polarity. (10 and 50 watts only) 

i.e., 10M51Z5B1 is for two 10 watt zeners, each of 51 volts, + 5%, 
matched to a total voltage of 102 volts + 1%. 


SMXXAZXX 1N4370 & 1N746 series 400 mW 500 mW, Glass, DO-35 


SMXXXZXX 
IMXXAZXX 
IMXXXZXX 
IMXXXZGXX 
IMXXXZSXX 
1. SMXXXZXX 
5MXXXZSXX 
1OMXXAZXX 
TOMXXXZXX 
5OMXXAZXX 
5OMXXXZXX 
5OMXXAZSXX 
5OMXXXZSXX 
MZG35-YYZ 


1N957 series 

1N3821 series 
1N3016 series 
1N4728 series 
1N4728 series 
1N3785 series 
1N5333 series 
1N3993 series 
1N2970 series 
1N4557 series 
1N2804 series 
1N4549 series 
1N3305 series 
1N5985 series 
1N5913 series 


400 mW'500 mW, Glass, 


1 Watt, Metal, 
1 Watt, Metal, 
1 Watt, Glass, 
1 Watt, Surmetic-30, 
1.5 Watt Metal 


DO-35 
DO-13 
DO-13 
DO-41 
DO-41 
Can 


5 Watt Surmetic-40 


10 Watt, Stud, 
10 Watt, Stud, 
50 Watt, TO-3 
50 Watt, TO-3 
50 Watt, Stud, 
50 Watt, Stud, 


DO-4 
DO-4 


DO-5 
DO-5 


500 mW, Glass, DO-35 


ZENER CLIPPERS 


Special clipper diodes with opposing Zener junctions built into 
the device are available by using the following nomenclature: 


Z 
or 


M AZ Zz 
MZG41-YYZ 1.5 Watt, Surmetic-30 Ty | ip ia | 


Power Nominal Zener Clipper Tolerance for each of 
Rating Voltage Diode the two Zener Voltages 
** Electrical parameters shall be tested per the similar series listed. Test (Watts) (Is not a matching 


requirement. Omit for 


currents for non-standard voltages will be linearly interpoled between the : 
+ 20% Units.) 


test currents for standard parts on either side. For reverse polarity devices 


(10 W and 50 W) insert an ‘‘R” before tolerance. i.e., 10M20Z210 


This nomenciature is applicable to all packages and power ratings 


1N5518 thru 1N5546 — This series may be ordered in + 2% and ’ 1 
as restricted in the above paragraphs. 


+ 1% tolerance by adding the following suffix: 
= EQN D= +1% ° 
For example the 1N5518D would be the same as the 1N5518B 
except V7 = 3.3 +1%. 
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Special Purpose Regulators 


Field-Effect | 
Current Regulator Diodes 


High impedance diodes whose “constant current 
source’’ characteristic complements the ‘‘con- 
stant voitage’’ of the zener line. Currents are 
available from 0.22 to 4.7 mA, with usable 
voltage range from a minimum limit of 1.0 to 
2.5. V, up to a voltage compliance of 100 V, 
for the 1N5283 series, or 70 V, for: the 
MCL1300 series. 


Low-Voltage Regulators 


High-conductance silicon diodes designed as stable 
forward-reference sources for transistor amplifier biasing 
and similar applications. Available in high reliability glass 
construction or economic plastic packaging. 


Glass 
Case 51-02 
DO-204AA 


Case 51-02 

DO-204AA Case 59-03 
(DO-7) DO-41 

Surmetic 20 


ELECTRICAL CHARACTERISTICS 
(Ta = 25°C unless otherwise noted). 


fs 
2 


: ate és sierra Rennes ees 
M2Z2360 59 
Surmetic 
MZ2361 51 
Surmetic 


MCL1301 
MCL1302 
MCL1303 


a JAN/JANTX (V) availability 
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Temperature Compensated Reference Devices 


For applications where output voltage must remain within 
narrow limits during changes in input voltage, load resistance 
and temperature. Motorola guarantees all References Devices 
to fall within the specified maximum voltage variations, \Vz, at 
the specifically indicated test temperatures and test current 
(JEDEC Standard #5). Temperature Coefficient is also 


ve Glass Glass 
slatted as ee be considered as a reference only—not a Case 51-02 Case 299-02 
ae 9: DO-204AA DO-204AH 
Devices in this table are hermetically sealed structures. (DO-7) (DO-35) 


Includes JAN, JANTX AND JTXV devices. 


et 
1NB21A 1N823A 
1N4565 1N4566 ; 1N4569 DO-204AH 
INGSESA. L INGSBBA is : Po 4 ! (DO-35) 
1N4570 | 1N4571 1N4572 1N4573 1N4574 
~TNSSTOA. | POPNASTIA 28.3 8 
1N4575 1N4576 1N4577 1N4578 1N4579 
1N4575A 1N4576A 1N4577A 1N4578A 1N4579A 
1N4580 1N4581 1N4582 1N4583 1N4584 
1N4580A 1N4581A 1N4582A 1N4583A 1N4584A 


1N3154A 1N3155A 1N3156A IN3157A _ §1-02 
1N4775 1N4776 1N4777 1N4778 1N4779 DO-204AA 

1N4775A 1N4776A 1IN4777A 1N4778A 1N4779A (DO-7) 
1N4780 1N4781 1N4762 1N4783 1N4784 

1N4780A 1N4781A 1N4782A 1N4783A 1N4784A 


1N935 1N936 1N937 1N938 0.003 
IN935A 1N936A 1N937A | 1N938A | 0.007 
-INO35B 1N936B ~ ANS37B 938 { 0.009 


1N942 1N943 1N944 0.004 51-02 
1N942A 1N943A 1NO44A 0.009 DO-204AA 
1N942B 3 1N944B 0.012 (DO-7) 


299-02 


LY Non-sutfix — Zz7 = 15, "A" Suffix — Zz7 = 10 


JAN/JANTX(V) avaitable, +5% only, Mititary part in the 1N821 and 1N4565 series and supplied in the DO-7 package. 


+25, +75, +100 
0, #25, +75 


-55, 0, +25, +75, +100, +150 
0, +25, +70 
-55,0, +25, +75, +125 
-55, 0, +75, +125, +185 
+25, +75, +100 


Precision Reference Diodes 


Designed, manufactured and tested for ultra-high stability CASE 51-02 
of voltage with time and temperature change. Use of special DO-204AA 
measurement equipment and voltage standards provide (DO-7) 

calibration directly traceable to the National Bureau of Standards. 
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Transient Suppressors . || a: 


Transient suppressors designed for applications requiring — 
protection of voltage sensitive electronic devices in danger 
of destruction by high energy voltage transients. Select 


from standard factory available types or design the suppressor ce 18 as 30. 400 8.0060 
to meet specific needs by paralleling cells. For specific , : - ee. 
options, j.e., non-standard voltages, higher power | < h 4 _ Surge Current Characteristics 


Capacity, and package configurations, consult factory. 


CASE 17-02 


P6KE7.5 
P6KE8.2 
P6KE9.1 
P6KE10 
P6KE11 
P6KE12 
P6KE13 
P6KE15 
P6KE16 
P6KE18 
P6KE20 
P6KE22 
P6KE24 
P6KE27 
P6KE30 
P6KE33 
P6KE36 
P6KE39 
P6KE43 
P6KE47 
P6KE51 
P6KE56 
P6KE62 
P6KE68 
P6KE75 
P6KE82 
P6KE91 
P6KE100 
P6KE110 
P6KE120 
P6KE130 
P6KE150 
P6KE160 
P6KE170 
P6KE180 
P6KE200 


Breakdown Voltage for Standard is +10% Tolerance; +5% version is available by adding “A”, i.e., P6KE6.8A. Clipper (back to back) versions are available 
by ordering with a “C” or “CA” suffix, i.e, PBKE6.8C or P6KE6.8CA. 
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TRANSIENT SUPPRESSORS (continued) 


CASE 41-11 


PEAK POWER DISSIPATION @ 1.0 ms = 1500 WATTS 


1N5908 ~ 
1N6267 1.5KE6.8 
1N6268 1.5KE7.5 
1N6269 [|  1.5KE8.2 
1N6270 1.5KE9.1 
1N6271 1.5KE10 
1N6272 1.5KE11 
1N6273 1.5KE12 
1N6274 1.5KE13 
1N6275 1.5KE15 
1N6276 1.5KE16 
1N6277 1.5KE18 
1N6278 1.5KE20 
1N6279 1.5KE22 
1N6280 1.5KE24 
1N6281 1.5KE27 
1N6282 1.5KE30 
1N6283 1.5KE33 
1N6284 1.5KE36 
1N6285 1.5KE39 
1N6286 1.5KE43 
1N6287 1.5KE47 
1N6288 1.5KE51 
1N6289 1.5KE56 
1N6290 1.5KE62 
1N6291 1.5KE68 
1N6292 1.5KE75 
1N6293 1.5KE82 
1N6294 1.5KE91 
1N6295 1.5KE100 
1N6296 1.5KE110 
1N6297 1.5KE120 
1N6298 1.5KE130 
1N6299 1.5KE150 
1N6300 1.5KE160 
1N6301 1.5KE170 
1N6302 1.5KE180 
1N6303 1.5KE200 
1.5KE220 
1.5KE250 


Breakdown Voltage for Standard is +10% Tolerance; +5% version is available by adding “A”, i.e., 1N6267A, 1.5KE6.8A. Clipper (back to back) 


versions are available by ordering the 1.5KE series with a “C” or “CA” suffix, i.e., 1.5KE6.8C or 1.5KE6.8CA. 
(continued on next page) 
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TRANSIENT SUPPRESSORS (continued) 


PEAK POWER DISSIPATION @ 1.0 ms = 1500 WATTS 


1N6373 / ICTE-5 / MPTE-5 

1N6374 / ICTE-8 / MPTE-8 
1N6375 / ICTE-10 / MPTE-10 
1N6376 / ICTE-12 / MPTE-12 
1N6377 / ICTE-15 / MPTE-15 
1N6378 / ICTE-18 / MPTE-18 
1N6379 / ICTE-22 / MPTE-22 
1N6380 / ICTE-36 / MPTE-36 
1N6381 / ICTE-45 / MPTE-45 


CASE 41-11 


E-5C 
1N6382 
1N6383 
1N6384 
1N6385 
1N6386 
1N6387 
1N6388 
1N6389 


PEAK POWER DISSIPATION @ 1.0 ms = 8000 WATTS 


MPZ5-16A 


MPZ5-16B 
MPZ5-32A 
MPZ5-32B 
MPZ5-32C 

MPZ5-180A 

MPZ5-180B 

MPZ5-180C | 


Automotive Transient Suppressors 


Automotive Transient Suppressors are designed for protection against over-voltage conditions 


in the auto electrical system including the “LOAD DUMP” phenomenon that occurs when 
the battery open circuits while the car is running. 


. MR2525L. . MR2520L 
24-32 


* Time Constant = ms, 
Duty Cycle <1.0%, Tc = 25°C. 
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Surface Mount Products—Leadless Zener Diodes 
Leadiess Diodes — MLL34 (8 mm tape) and MLL41 (12 mm tape) 


A full range of 2 watt and 1 watt zener diodes are avail- @ Small, convenient leadless package. 
able using the same die as products presently offered in e OsibiGchoneonciien 
DO-35 (1N5221 Series) and DO-41 (1N4728 Series) zeners. ect ati aaiasy dec eee cal 
© Reliability as high as the present DO-35 and DO-41 erat Me teay eee’: 
leaded products. e@ Nitride passivated die. 
@ Full line of voltages available. @ Special selections available on request. 


MLL34 — 0.5 Watt Zeners 


MLL5221 
MLL5222 
MLL5223 
MLL5224 
MLL5225 
MLL5226 
MLL5227 
MLL5228 
MLL5229 
MLL5230 
MLL5231 
MLL5232 
MLL5233 
MLL5234 
MLL5235 
MLL5236 
MLL5237 
MLL5238 
MLL5239 
MLL5240 
MLL5241 
MLL5242 
MLL5243 
MLL5244 
MLL5245 
MLL5246 
MLL5247 
MLL5248 
MLL5249 
MLL5250 
MLL5251 
MLL5252 
MLL5253 
MLL5254 
MLL5255 
MLL5256 
MLL5257 
MLL5258 
MLL5259 
MLL5260 
MLL5261 
MLL5262 
MLL5263 
MLL5264 
MLL5265 
MLL5266 
MLL5267 
MLL5268 
MLL5269 
MLL5270 


Notes: 

(1) Tolerance — The type numbers shown indicate a tolerance of +20% (b) Two or more units for series connection with specified tolerance 
with guaranteed limits on only Vz, IR and Ve. Units with guaran- on total voltage. Series matched sets make zener voltages in 
teed limits on all six parameters are indicated by suffix “A” for +10% excess of 200 volts possible as well as providing lower tem- 
tolerance and suffix ‘’B” for +5.0% units. perature coefficients, lower dynamic impedance and greater 

(2) Special Selections Available Include: power handling ability. 

(a) Nominal zener voitages between those shown. -  (c) Nominal voltages at non-standard test currents. 


PRScaah Sa Seca a ere 
COO0C0000000 


o00o0qooqooo0oo°0co°oooo0co0cC0o0o0o 000000 
DU uO 


BRAOMNUWO>—hW 
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SURFACE MOUNT PRODUCTS—LEADLESS ZENER DIODES (Continued) _ 
MLL41—1.0 Watt Zeners | a 


MLL4728 3.3 1.0 1.0 
MLL4729 3.6 1.0 1.0 
MLL4730 3.9 1.0 1.0 
MLL4731 4.3 1.0 1.0 - 
MLL4732 - 4.7 1.0 1.0 
MLL4733 §.1 1.0 ° ' 1.0 
~ MLL4734 ° 5.6 © 1.0 2.0 
MLL4735 6.2 1.0 3.0 
MLL4736 6.8 1.0 40 
MLL4737 7.5 0.5 5.0 
MLL4738 8.2 0.5 6.0 
MLL4739 9.1 0.5 7.0 
MLL4740 10 0.25 7.6 
MLL4741 11 0.25 8.4 
MLL4742 12 0.25 9.,1 
MLL4743 13 9.9 
MLL4744 15 11.4 
MLL4745 16 
MLL4746 18 
MLL4747 20 
MLL4748 22 
MLL4749 24 ° 10.5. 
MLL4750 27 9.5 
MLL4751 30 8.5 
MLL4752 33 7.5 
MLL4753 36 7.0 
MLL4754 39 6.5 
MLL4755 43 6.0 
MLL4756 47 5.5 
MLL4757 51 5.0 
MLL4758 56 4.5 
MLL4759 62 4.0 
MLL4760 68 3.7 
MLL4761 75 3.3 
MLL4762 82 3.0 
MLL4763 91 2.8 
Notes: 
(1) Tolerance and Type Number Designation — The type numbers listed (2) Specials Available Include: 
have a standard tolerance on the nominal zener voltage of +10%. (a) Nominal zener voltages between the voltages shown and tighter 
A standard tolerance of +5% on individual units is also available voltage tolerances. 
and ts indicated by suffixing “A” to the standard type number. (b) Matched sets. 
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Lead Tape Packaging Standards for Axial-Lead Components 


1.0 SCOPE — This document covers packaging 
requirements the following axial - lead compo- 
nents for use in automatic Sy ue assembly 
equipment: Motorola Case 51 (DO-7), Case 52 
(DO-13), Case 59 (D0-41), Case 267, Case 299 
(D0-35), Case 59-04 and Case 17. Packaging, as 
covered in this document, shall consist of axial- 
lead components mounted by their leads on 
pressure-Sensitive tape, wound onto a reel. 


2.0 PURPOSE — This document establishes 
Motorola standard practices for lead-tape pack- 
aging of axial-lead components and meets the 
requirements of EIA Standard RS-296-D “Lead- 
taping of components on axial lead configura- 
tion for automatic insertion’, level 1. 


3.0 REQUIREMENTS 


3.1 Component Leads 


3.1.1 — Component leads shall not be bent 
beyond dimension E from their nominal posi- 
tion. See Figure 2. 


3.1.2 — The “C” dimension shall be governed 
by the overall length of the reel packaged 
aS The distance between flanges 
shall be 0.059 inch to 0.315 inch greater than 
ve he component length. See Figure 2 
and 3. 


3.1.3 — Cumulative dimension “A” tolerance 
shall not exceed 0.059 over 5 in consecutive 
components. 


ORIENTATION — All polarized components must 
be oriented in one direction. The cathode lead 
tape shall be blue, and the anode tape shall be 
white. See Figure 1. 


3.3 Reeling 


3.3.1 — Components on any reel shail not 
represent more than two date codes when 
date code indentification is required. 


3.3.2 — Components leads shall be positi- 
oned perpendicularly between pairs of 0.250 
inch tape. See Figure 2. 


3.3.3 — A minimum 12 inch leader of tape 
shall be provided before the first and last 
component on the reel. 


3.3.4 — 50 Ib. Kraft paper is wound between 
layers of components as far as necessary for 
pomeopen protection. Width of paper is 
0.062 inch to 0.750 inch less than “C” dimen- 
sion of reel. See Figure 3. 


3.3.5 — Components shall be centered 
between tapes such that the difference 
between D1 and D2 does not exceed 0.055. 


3.3.6 — Staple shall not be used for splicing. 
No more than 4 layers of tape shall be used in 
any splice area and no tape shall be offset 
from another by more than 0.031 inch noncu- 
mulative. Tape splices shall overlap at least 
6 inches for butt joints and at least 3 inches 
for lap joints, and shall not be weaker than 
unspliced tape. 


3.3.7 — Quantity per reel shall be as indi- 
cated in Table 1. Orders for tape and reeled 
product will only be processed and shipped 
in full reel increments. Scheduled orders 
must be in releases of full reel increments or 
multiples thereof. High volume orders and 
releases (item numbers 6 through 10 
excepted) may be reeled on 14.00 inch reels 
at Motorola's option, therefore making the 
quantity per reel twice that shown for the 
10.50 inch reels. 


3.3.8 — A maximum of 0.25% of the compo- 
nents per reel quantity may be missing with- 
Out consecutive missing per level 1 of 
RS-296-D. 


3.3.9 — The single face roll pad shall be 
placed around the finished reel and taped 
securely. Each reel shall then be placed in an 
appropriate container. 


3.4 MARKING — Minimum reel and carton mark- 
ing shall consist of the following: See Figure 3. 


Part number 

Purchase order number 

Quantity 

Date of reeling (when aplicable) 
Manufacturer's name 

Electrical value (when applicable) 

Date codes (when applicable; see note 3.3.1) 
Tape (when applicable) 


4.0 — Requirements differing from this Motorola 
standard shall be negotiated with the factory. 


The packages indicated in the following table are suitable for lead tape packaging. The 
table indicates the specific devices (rectifiers and/or zeners) that can be obtained from 
Motorola in reel packaging, and provides the appropriate packaging specification. 


TABLE 1—PACKAGING DETAILS (ALL DIMENSIONS IN INCHES) 


All 
Zeners 
Zeners 
Zeners 
Zeners 

Rectifiers 
Rectifiers 
Zeners 
Rectifiers 
zeners 
Rectifiers 
Rectifiers 


Case 51 (DO-7) 
Case 299 (DO-35) 
Case 17 
Case 59-03 (DO-41) 
i Case 59-01 (DO-41) 
Case 59-01 (DO-41) 
Case 59-04 
Case 52 (DO-13) 
Case 267 
| Case 41-11 
Case 194-01 
| Case 194-05 


FIGURE 1 — REEL PACKING 


KRAFT PAPER 


TAPE BLUE 
ITEM 32 
{CATHQOE) 


TAPE. WHITE 
iTEM32 
(ANODE) 


0.200 + 0.020 
0.200 + 0.020 
0.200 + 0.015 
0.200 + 0.015 
0.200 + 0.015 
0.200 + 0.020 
0.200 + 0.020 
0.400 + 0.020 
0.400 + 0.020 
0.400 + 0.020 
0.500 + 0.020 
0.400 + 0.020 


FIGURE 2 - COMPONENT SPACING 


OVERALL LG 


ie 


ay 
= 


ITEM 311 
MAX OFF 
ALIGNMENT 


E oe. 
| 0) | 02 | 0 250 
BOTH SIDES ~  1TEM3 32 


1TEM 335 
0031 


ITEM 335 


2-23 


OMAN DOA WH = 


FIGURE 3 — REEL OIMENSIONS 


OPTIONAL DESIGN 


1 188 
350 DIA 


| 


f 


ITEM 3.37 


Surface Mount Tape and Reel 


Tape & Reel Options _ 
SOT-23 


Option 1 Tape Feed 


° ° fo} fe} ° 
b 
Option 2 | © 
° 0 0 0 0 
eee 


EIA Std RS481 


MLL34 


Ismeca 8 mm tape and reel machine. 
: Option 1 Tape Feed 


In conjunction with the industry trend to use automatic placement - 


° ° ° ° ° 
equipment for microminiature components, Motorola offers SOT-23 and p 
MLL34 devices in the industry accepted 8 mm tape and reel format. 


Option 2 © 
MLL41 will be offered in 12 mm tape. The current packaging method is Ss . aoe 
plastic tape with embossed cavities, which serve as a pocket for the in- 
dividual device. A sealing tape is then applied to retain the device. = 


@ Device Orientation: Either in T1 (Option 1) or T2 (Option 2) 
configuration. 


e Quantity Per Reel: 3,000 devices. 
@ Minimum Order Quantity: 1 reel. - 


Polarity band indicates cathode. 


Option 1 = T1 Designator 
Option 2 = T2 Designator 

For ordering information, please contact your local Motorola repre- 
sentative. (See listing on back cover.) 


Listed below is a sampling of available equipment manufacturers who offer automatic placement equipment which is 
compatible with the 8 mm tape and reel format. The list is not all inclusive, nor is it a recommendation of the mentioned 
manufacturer. 


Automatic Placement Equipment Manufacturers Surface Mount Consultants and 


Dyna/Pert Division 
Emhart Corp. 

181 Elliott Street 
Beverly, MA 01915. 
(617) 927-4200 


Fugi America Corp. 

805 Bonnie Lane 

Elk Grove Village, IL 60007 
(312) 437-8844 


TDK Corporation of America 
4709 Golf Road, Suite 300 
Skokie, IL 60076 

(312) 679-8200 


Zevatech AG 

3 Great Meadow Lane 
Hanover, NJ 07936 
(201) 887-1399 


Excellon Micronetics 
2675 Skypark Drive #204 
Torrance, CA 90505 


Panasonic Indust. Co. 
Industrial Div. 

1 Panasonic Way 
Secaucus, NJ 

(201) 348-5343 


Universal Inst. 

P.O. Box 825 
Binghampton, NY 13902 
(702) 772-7522 


Dage Precima 
Industrial Inc. 
2962 Scott Bivd. 
Santa Clara, CA. 
(408) 727-1932 


MCT Browne Corp. 
1035 Cindy Lane 
Carpinteria, CA 
(805) 684-8761 


Teledyne TAC 
10 Forbes Road 
Woburn, MA 01801 
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Board Placement Facilities 


A.W.I. 

3212 Scott Blvd. 

Santa Clara, CA 95059 
(408) 727-9912 


Integrated Networks, Inc. 
3185 Airway Ave., Unit G 
Costa Mesa, CA 92626 
(714) 641-9250 


Micro-Technology, Inc. 
W141 N5984 Kaul Ave. 
Menomonee Falls, WI 53051 
(414) 252-4350 


Zenith Microcircuits Corp. 
Div. of Zenith Radio Corp. 
1851 Arthur St. 


Elk Grove Village, IL 60007 
(312) 956-1550 — 
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Rectifier Data Sheets 3) 


1N1199 


thru 


1N1206 (A) MoToROLA 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


MEDIUM-CURRENT SILICON RECTIFIERS 


50-600 VOLTS 


Silicon rectifiers for medium-current applications requiring: 12 AMPERES 


@ High Current Surge — DIFFUSED JUNCTION 


240 Amperes @ Ty = 190°C 


@ Peak Performance at Elevated Temperature — 
12 Amperes @ Tc = 150°C 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
(Single phase, resistive load, 
60 Hz, Tc = 150°C) 


Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions, half wave, 

endl ee 60 Hz) 


Characteristic 


Therma! Resistance, Junction to Case 


10-32 UNF-2A —> 


— 


*ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 


Maximum Instantaneous Forward Voltage 
(ig = 40 A, Tc = 25°C) 


Maximum Instantaneous Reverse Current 
(Rated voltage, Tc = 150°C) 


! *Indicates JEDEC registered data. omen Tt mT a 
| MECHANICAL CHARACTERISTICS re 
| | Cc | 
| Case: Welded, hermetically sealed {DO 
| Finish: All external surfaces are corrosion-resistant and the terminal lead is aeaee 
| readily solderable ae 
| Polarity: Cathode to case (reverse polarity units are available and designed by | K 
an “R” suffix, i.e., 1N1202R) Ga 
: ai SE 245 
Mounting Positions: Any 
: DO-203AA 


Stud Torque: 15 in/lbs max 


Maximum Terminal Temperature for Soldering Purposes: 
275°C for 10 seconds at 3 kg tension. 


Weight: 6 grams (approx) 


(DO-4) 


1N1199A 
(AA) MOTOROLA — thru 


1N1206A 


MEDIUM-CURRENT SILICON RECTIFIERS 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50-600 VOLTS 
12 AMPERES 


Silicon rectifiers for medium-current applications requiring: 


@ High Current Surge — 
240 Amperes @ Ty = 200°C 


@ Peak Performance at Elevated Temperature — 


DIFFUSED JUNCTION 
12 Amperes @ Tc = 150°C . 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voitage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse 
Voltage (Halfwave, single 
phase, 60 Hz peak) 


Average Rectified Forward Current 
(Single phase, resistive load, 
60 Hz, Tc = 150°C) 


Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions, half wave, 

single phase, 60 Hz) 


Characteristic 


Thermal Resistance, Junction to Case 


*ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 
VF 


Maximum Instantaneous Forward Voltage 
(ig = 40 A, Tc = 25°C) 


Maximum Average Reverse Current at 
Rated Conditions 
1N1199A 
1N1200A 
1N1202A 
1N1204A 
1N1206A 


*Indicates JEDEC registered data. 


oo 
— 


10-32 UNF-2A —> 


MECHANICAL CHARACTERISTICS 


Case: Welded, hermetically sealed 


Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable 


Polarity: Cathode to case (reverse polarity units are available and designed by 
an “R”’ suffix, i.e., 1N1202RA) 


CASE 245 
DO-203AA 
(DO-4) 


Mounting Positions: Any 
Stud Torque: 15 in/ibs max 


Maximum Terminal Temperature for Soldering Purposes: 
275°C for 10 seconds at 3 kg tension. 


Weight: 6 grams (approx) 


1N1199B 


thru 


(AA) MOTOROLA 
1N1206B | 


MEDIUM-CURRENT SILICON RECTIFIERS 


MEDIUM-CURRENT | 
SILICON RECTIFIERS 


50-600 VOLTS 
12 AMPERES 


Compact, highly efficient silicon rectifiers for medium-current 
applications requiring: | 


@ High Current Surge — 
250 Amperes @ Ty = 200°C 


@ Peak Performance at Elevated Temperature — 
12 Amperes @ Tc = 150°C 


DIFFUSED JUNCTION 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
(Single phase, resistive load, 
60 Hz, Tc = 150°C) 


Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions, half wave, 

single phase, 60 Hz) 


Characteristic 


Thermal Resistance, Junction to Case 


Characteristic and Conditions | 
Maximum Instantaneous Forward Voltage | VE 
(ip = 40 A, Tc = 25°C) |. 
Maximum Reverse Current 
(Rated dc voltage, Tc = 150°C) 
Maximum Average Reverse Current at 
Rated Conditions 
DC Forward Voltage . VE Volts 
(lp = 12 A, Tc = 25°C) 


10-32 UNF-2A —> 


l ener J 
cS 


Reverse Recovery Time (Igy = 40 A, 
di/dt = 25 A/us to Ing = O, 
tp 2 4.0 us, 60 pulses/second, 25°C) 


*Indicates JEDEC registered data. 
MECHANICAL CHARACTERISTICS 


Case: Metal hermetically sealed 


Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable . 


Polarity: Cathode to case (reverse polarity units are available and designed 
by an “R” suffix, i.e., 1N1202RB) 

Mounting Positions: Any 

Stud Torque: 15 in/Ibs max : 


Maximum Terminal Temperature for Soldering Purposes: 
275°C for 10 seconds at 3 kg tension 


Weight: 6 grams (approx) 2 


CASE 245 
DO-203AA 
(DO-4) 
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| _IN1199¢ 
(AA) MOTOROLA thru 
1N1206C 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50-600 VOLTS 
12 AMPERES 


MEDIUM-CURRENT SILICON RECTIFIERS 
Compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 


@ High Current Surge — 
400 Amperes @ Ty = 200°C 


@ Peak Performance at Elevated Temperature — 
12 Amperes @ Tc = 150°C 


DIFFUSED JUNCTION 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse 
Voltage (Halfwave, single 
phase, 60 Hz peak) 


Average Rectified Forward Current 
(Single phase, resistive load, 
60.Hz, Tc = 150°C) 

Non-Repetitive Peak Surge Current 
(Surge applied at rated load 


conditions, half wave, 
single phase, 60 Hz) 


*THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


*ELECTRICAL CHARACTERISTICS 
Characteristic and Conditions 


Maximum Instantaneous Forward Voltage 
(ig = 40 Amp, Tc = 25°C) 


Maximum Reverse Current 
(Rated dc voltage) 
(Tc = 150°C) 


Maximum Average Reverse Current at 
Rated Conditions 


DC Forward Voltage 
(ip = 12 A, Tce = 25°C) 
Reverse Recovery Time (Ipaq = 40 A, 
di/dt = 25 A/us to Ippy = O, 
tp 2 4.0 us, 60 pulses/second, 25°C) 
(See Figure 12) 
*Indicates JEDEC registered data. 
MECHANICAL CHARACTERISTICS 


Case: Metal, hermetically sealed. . 
Finish: All external surfaces are corrosion-resistant and the terminal lead is 
readily solderable STYLE 1: 
Polarity: Cathode to case (reverse polarity units are available and designated 1. CATHODE 
by an “R”’ suffix, i.e., 1N1202RC) 2. ANODE ~ CASE 245 


Mounting Positions: Any DO-203AA 
Stud Torque: 15 in/!bs max STYLE 2: (DO-4) 
Maximum Terminal Temperature for Soldering Purposes: 1. ANOD 

275°C for 10 seconds at 3 kg tension . 2. CATHODE 
Weight: 6 grams (approx) 


1N1199C thru 1N1206C 


FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — NON-REPETITIVE SURGE CURRENT 
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FIGURE 3 — FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING | FIGURE 5 — FORWARD POWER DISSIPATION 


IF(AV), AVERAGE FORWARD CURRENT (AMPS) 


PE(AV), AVERAGE POWER DISSIPATION (WATTS) 


100 120 140 160 180 200 oO 60 8. 
Tc, CASE TEMPERATURE (°C) IF(AV), AVERAGE FORWARD CURRENT (AMPS) 
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FIGURE 6 — THERMAL RESPONSE 


1N1199C thru 1N1206C 
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FIGURE 7 — CAPACITANCE 
FIGURE 9 — REVERSE RECOVERY TIME 
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FIGURE 8 — FORWARD RECOVERY TIME 


r(ty + tp) = normalized vatue of transient thermal resistance at time tj + tp. 
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r(t) = normalized value of transient thermal resistance at time, 
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| 
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1N1199C thru 1N1206C 


_o, EFFICIENCY FACTOR 


FIGURE 10 — RECTIFICATION WAVEFORM EFFICIENCY 
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FIGURE 11 — SINGLE-PHASE 
HALF-WAVE RECTIFIER CIRCUIT 


Vo 


FIGURE 12 — REVERSE RECOVERY 


CHARACTERISTIC AND TEST CIRCUIT | 


SMe 


di/dt 


—!R(REC) = 35 A MAX 


SOFT RECOVERY 


120 Vac. 


60 Hz 


Time 
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RECTIFICATION EFFICIENCY NOTE 


The rectification efficiency factor o shown in Figure 10 was 


calculated using the formula: 


v2o(de) 
Pac OR V2o(de) 
ei arene © 100% = ——— on 100% = (1) 
Prms V“olrms) V2o(ac) + V29 (dc) 
Re 


For a sine wave input V,, sin (wt) to the diode, assume lossless, 
the maximum theoretical efficiency factor becomes: 


Ven 
n2Ry 4 
S5(sine) = v2 e 100% a) ® 100% = 40.6% (2) 
m ue 
4R- 


For a square wave input of amplitude V,,, the efficiency factor 
becomes: 
V2.4 


: 2R 
0 (square) ~ va e 100% = 50% . (3) 
m 


Ru 
(A full wave circuit has twice these efficiencies) 


‘As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in. an increasing ac voltage component across Ry which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor o, as shown on Figure 10. 


It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vo with a 
true rms ac voltmeter and the dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain points for Figure 10. 


RS 0.25 2 . 
(L.< 0.01 WH) 


. : TO 
JEDEC TEST CIRCUIT OSCILLOSCOPE 


1N3208 
(AA) MOTOROLA thru 
1N3212 


15-AMP 


MEDIUM-CURRENT RECTIFIERS RECTIFIERS 


... for applications requiring low forward voltage drop and 
rugged construction. 


SILICON 
DIFFUSED-JUNCTION 


@ High Surge Handling Ability 


@ Rugged Construction 


@ Reverse Polarity Available; Eliminates Need for Insulating 
Hardware in Many Cases 


@ Hermetically Sealed 


*MAXIMUM RATINGS 


1N3208 | 1N3209 | 1N3210 
1N3208R | 1N3209R | 1N3210R | 1N3211R 
Vrms) | 35 | _70 


A -65 to +175 


DC Blocking Voltage 
RMS Reverse Voltage 


Average Half-Wave Rectified Forward Current 
With Resistive Load 


Characteristic 
Maximum Forward Voltage at 40 Amp Ve 
DC Forward Current 
Maximum Reverse Current at Rated DC 
Reverse Voltage 
THERMAL CHARACTERISTICS 


[Characteristic —————«|_‘Symbot_| Typical [Unit 
Thermal Resistance, Junction to Case Rec 


*Indicates JEDEC registered data. 
**Tc = 150°C 


1/4-28 UNF-2A 
TERMINAL 2 


/MILLIMETERS | INCHES 
| MIN | MAX | MIN | 
[2007 = 
: 


| MECHANICAL CHARACTERISTICS 
CASE: Welded hermetically sealed construction 
FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 


solderable 
WEIGHT: 25 grams (approx.) 


POLARITY: Cathode connected to case (reverse polarity available denoted by Suffix R, 
ie: 1N3212R) | 
MOUNTING POSITION: Any 


1N3491 thru 1N3495 


~ MR327 MR330 a | MOTOROLA 
MR328 MR331 | 


SILICON RECTIFIERS 
25 AMPERE 


50-1000 VOLTS 
DIFFUSED JUNCTION 


Designers Data Sheet 


| MEDIUM-CURRENT SILICON RECTIFIERS 


_...compact, highly efficient silicon rectifiers for medium- 
current applications. 


Designer’s Data for ‘‘Worst Case’’ Conditions 
The Designers Data Sheet permits the design of most circuits — 
entirely from the information presented. Limit curves — represent- 
ing device characteristics boundaries — are given to facilitate 
“worst case”’ design. 


- *MAXIMUM RATINGS 


Peak Repetitive Reverse 
Voltage 
Working Peak Reverse 
Voltage 
DC Blocking Voltage 


Average Rectified Forward 
Current (single phase, 
resistive load, 60 Hz, see 

Figure 3) Tc = 100°C 


Nonrepetitive Peak Surge 

Current (surge applied at 
rated load conditions, see 
Figure 5) 


Operating and Storage 
Junction Temperature 
Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case — Rec 


=e 


NOTES: - 
1. 50 TPI STRAIGHT KNURL. : 
2. POLARITY, INK MARKED 
ON PACKAGE 
| : K 
H c 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily 
solderable. 

POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and 
are designated by an “R” suffix i.e. MR327R or 1N3491R). 

MOUNTING POSITIONS: Any. a 


- 


fe 
sana’ PT 


i PME | 'NCHES | 
| MIN | MAX | MIN | 


. CASE 43-02 
*Indicates JEDEC registered data for 1N3491-1N3495 p0.21 
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1N3491 thru 1N3495, MR327, MR328, MR330, MR331 


*ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions Symbol | Max Unit 
re 
Full Cycle Average Reverse Current (18 Amp AV and V,, single phase, me 
60 Hz, Tc = 150°C) 
1N3491 
1N3492 
1N3493 
1N3494 
1N3495 
MR327 
MR328 
MR330 
MR331 


DC Reverse Current 
(Rated Vr, Tc = 25°C) 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE DROP 
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120° CONDUCTION 
(3 PHASE, HALF WAVE OR 
FULL WAVE, OR 
6 PHASE WITH 
INTERPHASE) 


AZ 
COC ea 


Ve, MAXIMUM FORWARD VOLTAGE DROP (VOLTS) 


Seka Veese ss 
ttt WAA ttt} 
| | LW be 180° CONDUCTION 


(1 PHASE, HALF WAVE 
OR FULL WAVE) 


Per av) AVERAGE FORWARD POWER DISSIPATION (WATTS) 


-Ievay), AVERAGE FORWARD CURRENT (AMP) 
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MR330, MR331 
| FIGURE 3 — MAXIMUM CURRENT RATINGS: 


MR328, 


1N3491 thru 1N3495 


MR327 


z, RESISTIVE OR INDUCTIVE LOAD 
a 
Roe 
oa 
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t | 
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bee 


eA 
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MTT, 
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DC, CONTINUOUS 
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6 PHASE STAR 
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1N3491 thru 1N3495, MR327, MR328, MR330, MR331 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — RECTIFICATION EFFICIENCY FIGURE 7 — REVERSE RECOVERY TIME 
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REPETITION RECOVERY (kHz) Ip/Ie, RATIO OF REVERSE TO FORWARD CURRENT 


FIGURE 8 — JUNCTION CAPACITANCE FIGURE 9— FORWARD RECOVERY TIME 


ty, FORWARD RECOVERY TIME (js) 


Va, REVERSE VOLTAGE (VOLTS) ig, FORWARD PULSE CURRENT (AMPS) 


TYPICAL THERMAL 


RESISTANCE, CASE ge .01 NOM MOUNTING PROCEDURES 

10 SINK, Acs = 0.2°C/W = 
au 

ico PD 1 _| . MR327-MR331 and 1N3491-1N3495 rectifiers are designed to be _press-fitted in a heat sink in 

aA order to attain full device ratings. Recommended procedures for this type of mounting are as follows: 

~ CL LEZ 1. Drill a hole in the heat sink 0.499 + .001 inch in diameter. 
| 0.449 + 0.001 DIA ° 2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is 
Hi pressed into the hole. 
HEAT SINK MOUNTING 3. The depth and width of the break should be 0.010 inch maximum to retain maximum heat sink 


surface contact. 
ADDITIONAL To prevent damage to the rectifier during press-in, the pressing force should be applied only on 
HEAT SINK PLATE the shoulder ring of the rectifier case as shown in the figure. 
. The pressing force should be applied evenly about the shoulder ring to avoid tilting or canting 
of the rectifier case in the hole during the press-in operation. Also, the use of a light industrial 
lubricant will be of considerable aid. 


> 


a 


INTIMATE COMPLETE KNURL ~~ THIN 
CONTACT AREA CONTACT AREA CHASSIS 


THIN-CHASSIS MOUNTING 
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 IN3659 


thu = |” (S) MOTOROLA 
1N3663__ ; _ 


30-AMP 
RECTIFIERS 


LOW COST RECTIFIERS FOR MEDIUM CURRENT 
INDUSTRIAL AND COMMERCIAL APPLICATIONS 


ILICON 
@ High Surge Handling Ability ¥ 


DIFFUSED-JUNCTION 


'@ Rugged Construction for Operation Under Severe Conditions 


@ Reverse Polarity Available; Eliminates Need for Insulation 
Hardware in Many Cases 


@ Hermetically Sealed 


*MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) . 
| ae 1N3659 | 1N3660 | 1N3661 | 1N3662 | 1N3663 
ene 1N3659R| 1N3660R/ 1N3661R| 1N3662R} 1N3663R 
Peak Repetitive Reverse Voltage VRRM Volts 
DC Blocking Voltage Vv | 


Average Half-Wave Rectified Forward Current 
with Resistive Load @ 100°C case —_—— OO 90 OO eee | Amp 
— ————— 26 ee AnD 


@ 150°C case 


Peak One Cycle Surge Current (150°C case temp, 
60 Hz) 


Operating Junction Temperature Ty 
Storage Temperature 


*ELECTRICAL CHARACTERS#STICS 
Ch teristi 1N3659 1N3660 1N3661 1N3662 1N3663 
na lca 1N3659R/| 1N3660R | 1N3661R | 1N3662R | 1N3663R 
Maximum Forward Voltage at 25 Amp Ve Volts 
DC Forward Current . 

Instantaneous Forward Voltage Drop | Volts 
| (ip = 78.5 Amps, Ty = 25°C) 
Maximum Full Cycle Average Reverse Current | pao | an | ae 


@ Rated PIV and Current (as half-wave 
rectifier, resistive load, 150°C) 


*THERMAL CHARACTERISTICS 


Characteristic 
| *Indicates JEDEC registered data. 


MECHANICAL CHARACTERISTICS 


CASE: Welded hermetically sealed construction 
FINISH: Ail external surfaces corrosion resistant, terminals readily solderable 
WEIGHT: 9 grams (approx.) 
POLARITY: Cathode connected to case (reverse polarity available denoted by Suffix R, 
i.e.: 1IN3660R) 
MOUNTING POSITION: Any 


peo) 


7 
SEATING PLANE 


CASE 43-02 
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1N3659 thru 1N3663 
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1N3659-1N3663 rectifiers are designed for press-fitted mounting in a heat sink. Recommended 
procedures for this type of mounting are as follows: 


1. Drill a hole in the heat sink 0.499 + . 001 inch in diameter. 

2. Break the hole edge as shown to prevent eneer tne off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat sink surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 


These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted ina thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 


.01 NOM 
TYPICAL THERMAL 
RESISTANCE, CASE { 


TO SINK, cs = 0.2°C/W 


-01 NOM 


| 
eee mee 


HEAT SINK MOUNTING 


ADDITIONAL 
HEAT SINK PLATE 
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1N3879 thru 1N3883 
MR1366 


Sheet 


Designers Data. 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. .. designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designer’s Data for “‘Worst Case” Conditions 
The Designers. Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS 
Rating 


VRWM 
VR 
| 150 | 260 | 350 | 450 | 650 | 
| 140 | 210 | 280 | 420 | 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
RMS Reverse Voltage 
Average Rectified Forward Current 
(Single phase, resistive load, 
To= 100°C) 
Non-Repetitive Peak Surge Current 


(surge applied at rated load 
continuous) 


< 
= 
2 
= 
gw 
I 
G 


| 


6.0 


Operating Junction Temperature Range 


—¥———-—-_—~—— - 65 to +150 ——_-—_—___-—__am 


Storage Temperature Range a —————-—— -65 to +175 ——_____—___—-a- 


THERMAL CHARACTERISTICS 


°c/w 


Thermal Resistance, Junction to Case. Reuc . po 8 


Motorola guarantees the listed value, although parts having higher values of thermal resistance will meet the current rating. 
Thermal resistance is not required by the JEDEC registration. 


*ELECTRICAL CHARACTERISTICS 


instantaneous Forward Voltage 
(é = 19 Amp, Ty = 150°C) 
Forward Voltage 
(Ip = 6.0 Amp, Tc = 25°C) 
Reverse Current (rated dc voltage) Tc = 25°C i. 
To = 100°C 


Reverse Recovery Time 
*(iEM = 1.0 Amp to VR = 30 Vde, Figure 16) 
(I¢ 4 = 36 Amp, di/dt = 25 A/us, Figure 17) 
Reverse Recovery Current 
“(1¢ = 1.0 Amp to Vp = 30 Vdc, Figure 16) 


* Indicates JEDEC Registered Data for 1N3879 Series. 
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Amps 
—_—— e150 OOO 
(one cycle) ; 
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(AA) MOTOROLA 


FAST RECOVERY 
POWER RECTIFIERS | 


50-600 VOLTS 
6 AMPERES 


CASE 245-01 
DO-4 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion 
resistant and readily solderable 


POLARITY: Cathode to Case 
‘WEIGHT: 5.6 Grams (approximately) 
MOUNTING TORQUE: 15 in-ibs max. 


1N3879 thru 1N3883, MR1366 


DUTY CYCLE, D = ty/ty 
PEAK POWER, Pok, is peak of an 
equivalent square power pulse. 


TIME 


FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY 
ans See 
90 ~ Prior to surge, the rectitier 
ae. ee is operated such that Ty = 150°C; 
a 80 i SQ VRRM may be applied between 
o ae each cycle of surge 
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To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended’ 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case 1s normally large enough so that it will not significantly 
respond to heat surges generated in the diode asa result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: : 

dye Tie <TC 
where TJC 1S the increase in junction temperature above the case temperature. 
It may be determined by. 

STC = Pok “Rasc [D+ 1-D) -rlty ty) tlt) (tq) 
where 
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 r{t) = normalized value of transient thermal resistance at time, t, from Figure 


vf, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) ue 


r (tq + ty) = normalized value of transient thermal resistance at time ty! tp 


pane 
PEST 


FIGURE 3 — THERMAL RESPONSE 


r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


o 2 


.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 =200 500 1000 2000 5000 10,000 
t, TIME (ms) 


, | 
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1N3879 thru 1N3883, MR1366 


SQUARE WAVE INPUT 


SINE WAVE INPUT 
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1N3879 thru 1N3883, MR1366 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 11 — JUNCTION CAPACITANCE 


FIGURE 10 — FORWARD RECOVERY TIME 
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TYPICAL RECOVERED STORED CHARGE DATA 


= 75°C 


FIGURE 13 —Ty 


(SEE NOTE 2) 
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FIGURE 14 — Ty = 100°C 
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1N3879 thru 1N3883, MR1366 


FIGURE 16 — REV 


NON-INDUCTIVE 


ERSE RECOVERY CIRCUIT 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Rj — ADJUSTED FOR 1.4 2 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE ~ 38 pH 


R2 — TEN-1 W, 10 82, 1% CARBON CORE 
IN PARALLEL 


30 Q 
50 W 


EST 


Ta= 25 *!)°C FOR RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% S2MAX, DE to 2 kHz 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 
Ri 


e 
115 Vac 10k Rj 
60 Hz 2W 32 
25 W 
Y ea UNIT 
UNDER T 
C.P. CLARE 
HPG 1002 A 1 AMP 
SLO-BLO 
O FUSE 
30 Vdc Y Cy 
CONSTANT VOLTAGE 1.0 uF 
SUPPLY + 300 V 
R1 = 50 Ohms tI 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
D3 = 1N4933 120 VAC 
SCR1 = MCR729-10 60 Hz 
C1=0.5 to 50 uF 
C2 = 4000 uF 
L1=1.0-27uH 
T1 = Variac Adjusts I(px) and di/dt 
T2=1:1 


T3 = 1:1 (to trigger circuit) 


L1 
di/dt ADJUST 


* tpK) ADJUST 


D2 


R<0.252 
L <0.01 uH 


OQ CURRENT 
VIEWING 
RESISTOR 


OSCILLOSCOPE O 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 


Reverse recovery time is a direct function of the forward 7 


current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 1.0 A, Vp = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


IRM(REC) 


From stored. charge curves versus di/dt, recovery time (tr,) 
and peak reverse recovery current (IRj(REC)) can be closely 
approximated using the following formulas: 


“|= 


i 1/2 
tee = 1.41 x| —— 
ee | | 


t 1/2 


IRM(REC) = 1.41. [QR x di/d 
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(AA) MOTOROLA 


Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designers Data for ‘‘Worst Case’’ Conditions 
The Designers Oata sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


* MAXIMUM RATINGS 


[Rating | Svmbor [WaH7@A [naneoa | wnaBBrA [ snseezA | 19809A | Un 


Peak Repetitive Reverse Voltage; VRRM Volts 
Working Peak Reverse Voltage | VRWM 200 300 
DC Blocking Voltage VR 
Non-Repetitive Peak Reverse VRsm 7 
Voltage 


5 


Average Rectified Forward Amps 
Current (Single phase, resistive ——— 365 0 
load, Tc = 100°C) 
Non-Repetitive Peak Surge 'ESm Amps 
Current (surge applied at -——_—_——____—_—— 200 ——_—______—_—_——_—_— 
rated load conditions) (one cycle) 


-65 to +150 


-65 to +175 


THERMAL CHARACTERISTICS 


carci a 
[Tharma Reisares uneiontecas «Awe | 30 | em 
* ELECTRICAL CHARACTERISTICS 


Characteristic 


Instantaneous Forward Voltage 
(ig = 19 Amp, Ty = 150°C) 


Reverse Recovery Time - Soft Recovery 
= 1.0 Amp to Vp = 30 Vdc, Figure 16) 
(ten = 36 amp, di/dt = 25 A/us, Figure 17) 
Reverse Recovery Current 
(ie = 1.0 Amp to Va = 30 Vdc, Figure 16) 


* Indicates JEDEC Registered Data 


1N3879A 
thru 
1N3883A 


FAST RECOVERY 
POWER RECTIFIERS 
50-400 VOLTS 
6 AMPERES 


CASE 245 
(DO-4) 
DO-203 AA 


MECHANICAL CHARACTERISTICS 


CASE: Metal, hermetically sealed. 


FINISH: All external surfaces corrosion 
resistant and readily solderable 
POLARITY: Cathode to Case; Reverse 
polarity available by add- 
ing “R” Suffix, 1IN3879RA 


WEIGHT: 5.6 grams (approximately) 
MOUNTING TORQUE: 15 in-lbs max. 


1N3879A thru 1N3883A 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE 
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- FIGURE 2— MAXIMUM SURGE CAPABILITY 


Prior to surge, the rectifier |. 
is operated such that Ty = 150°C; 
VRRM may be applied between 
each cycle of surge 


ere OF sear AT 60 a 


‘NOTE 1 


DUTY CYCLE, D = tp/ty 

PEAK POWER, Pok. is peak of an 

equivalent square power pulse. 
TIME 


tp 


ppt} 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 


Ty=Te +ATSC 
where 4 T jc is the increase in junction temperature above the case temperature. 


___ It may be determined by: 


OTC =Pok “Royce [0 + 1 - D) «rity + tp) + r(tp) — r(tq)] 
where 
r(t) = normalized value of transient thermal resistance at time, t, from Figure 


‘3 ie.: 


r (ty + tp) = normalized value of transient thermal resistance at time ty + tp. 


FIGURE 3 — THERMAL RESPONSE 
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1N3879A thru 1N3883A 
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SQUARE WAVE INPUT 


FIGURE 5 — FORWARD POWER DISSIPATION 
lecayy AVERAGE FORWARD CURRENT (AMP) 
FIGURE 7 — CURRENT DERATING 
FIGURE 9 — NORMALIZED REVERSE CURRENT 
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Va, REVERSE VOLTAGE (VOLTS) 


1N3879A thru 1N3883A 


TYPICAL DYNAMIC CHARACTERISTICS 
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FIGURE 10 — FORWARD RECOVERY TIME 
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Vr, REVERSE VOLTAGE (VOLTS) 


IF, FORWARD CURRENT (AMP) 


TYPICAL RECOVERED STORED CHARGE DATA 


(See Note 2) 


= 75°C 


FIGURE 13 — Ty 


FIGURE 12 — Ty = 25°C 
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FIGURE 15 — Ty = 150°C 


FIGURE 14 — Ty = 100°C 
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1N3879A thru 1N3883A 


FIGURE 16 — MOTOROLA 


> 


C.P. CLARE 
HPG 1002 


30 Vde 
CONSTANT VOLTAGE 
SUPPLY 4 + 


NON-INDUCTIVE 


REVERSE RECOVERY CIRCUIT 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Ry - ADJUSTED FOR 1.4 Q BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 


302 
50 W 


UNIT te 
UNDER TEST INDUCTANCE = 38 wH 
R2 — TEN-1 W, 10 82, 1% CARBON CORE 
IN PARALLEL 


Ta=25 bes OC FOR RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 
Zout = 1% MAX, OC to 2 kHz 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using |— = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 


To use these curves, it is necessary to know the forward — 


current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (t,,) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 


1/2 


IRM(REC) = 1.41 x [QR x di/at] 


QR 
di/dt 


ter = 1.41 | 


1/2 
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1N3879A thru 1N3883A 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


Ri 


L1 
R1 = 50 Ohms TI di/dt ADJUST 
R2 = 250 Ohms 
D1 = 1N4723 
D2 = 1N4001 
120 Vac 
03 = 1N4933 ae ADJUST 
SCR1 = MCR729-10 60 Hz : (PK) 
Ci = 0.5 to 50 uF ; 
C2 = 4000 uF 11 = es 
L1=1.0-27 uH 
.T1 = Variac-Adjusts (pK) and di/dt , : ee sees 
T2 24:1 <0. 
T3 = 1:1 (to trigger circuit) L <0.01 wH 


OSCILLOSCOPE O © CURRENT 
VIEWING 
RESISTOR 


FIGURE 18 — REVERSE RECOVERY CHARACTERISTIC 


Time 


—IR(REC) = 35 AMAX 
SOFT RECOVERY 


NOTE 3 


CASE TO HEAT SINK 
‘THERMAL RESISTANCE UNDER 
VARIOUS CONDITIONS 


Metal-to-Metal Mica Insulation 


CASE TEMPERATURE 


Dry REFERENCE POINT 


| TORQUE: 15 1N-LBS 
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1N3889 thru 1N3893 
MR1376 


(AA) MOTOROLA | 


Designers Data Sheet 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
12 AMPERES 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


.. . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 


at frequencies to 250 kHz. 


Designer's Data for ‘‘Worst Case’’ Conditions 


Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘worst case’’ design. 


The Designers 


*MAXIMUM RATINGS 


Rating Symbol 


| 1N3889 | 1N3890 MR 1376 
Peak Repetitive Reverse Voltage} Vary 

Working Peak Reverse Voltage |] Vawm 

DC Blocking Voltage 


42 


Non-Repetitive Peak Reverse VRSM 
Voltage 


RMS Reverse Voltage VR (RMS) 


Average Rectified Forward 
Current (Single phase, resistive 
load, Tc = 100°C) 

Non-Repetitive Peak Surge Amp 
Current (Surge applied at 


200 
rated load conditions} (one cycle) 


Ty | << -65 to. +150 ——_______» 


Aa ene OE 10 F17 bee 


THERMAL CHARACTERISTICS 


Characteristics Symbol | Max | 
Thermal Resistance, Junction to Case Rasc 


Motorola guarantees the listed value, although parts having higher values of thermal resistance 
will meet the current rating. Thermal resistance is not required by the JEDEC registration. 


*ELECTRICAL CHARACTERISTICS 


Characteristic 
instantaneous Forward Voltage 
(if = 38 Amp, Ty = 150°C) 
Forward Voitage 
(lg = 12 Amp, Tc = 25°C) 
Reverse Current (rated dc voltage) 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion 
resistant and readily solderable 
Reverse Recovery Time POLARITY: Cathode to Case 
(Ip = 1.0 Amp to VR = 30 Vdc, Figure 16) 
(eM = 36 Amp, di/dt = 25 A/us, Figure 17) 


Reverse Recovery Current MOUNTING TORQUE: 15 in-ibs max. 
(te = 1.0 Amp to Vp = 30 Vdc, Figure 16) : 


WEIGHT: 5.6 grams (approximately) 


*indicates JEDEC Registered Data for 1N3889 Series. 
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1N3889 thru 1N3893, MR1376__ 


FIGURE 1 — FORWARD VOLTAGE a . - FIGURE 2 — MAXIMUM SURGE CAPABILITY 
300 5 
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aiRas | Gate ee fe eet TS a Se Da DR OR Ea eS 
= A ea 7G ae SG GCS NOTE 1 
om Ce (AREER AF SS SE (A nae) nee a Ve) SG Fa eee 
Sof tr Seige 
a ee 7 ee ae ee ee PEAK POWER, Ppk, peak ofan 
Fie Reese pa or 
2% " 
20 arin Reeds Sb all Spe Ps ead ie aA a of the diode in a given situation, 
PE ep th, [ecules The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
Siac eeeeeeeee ah 
: Ss ec ca ose cn a sey sate condionsreachirt Using the measured value of Tc, the junction 
as ae A ST ] Ty=Te+4Tyc 
0.5 TA ot oA HH where ©. Tj¢ is the increase in ee eee above the case temperature. 
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See Ee (ce era eee ere 
iE a eed I na) = normalized value of transient thermal resistance at time, t, from Figure 
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1N3889 thru 1N3893, MR1376 


SQUARE WAVE INPUT 


FIGURE 5 — FORWARD POWER DISSIPATION 
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FIGURE 7 — 
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pares 9 — NORMALIZED REVERSE CURRENT 
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FIGURE 4 — FORWARD POWER DISSIPATION 
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FIGURE 8 — TYPICAL REVERSE CURRENT 
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1N3889 thru 1N3893, MR1376 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 10 — FORWARD RECOVERY TIME 


FIGURE 11 — JUNCTION CAPACITANCE 
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TYPICAL RECOVERED STORED CHARGE DATA 


FIGURE 13 — Ty = 75°C 


(See Note 2) 


FIGURE 12 — Ty = 25°C 


i pal = 


[NTA TART eT 
LT NOAA OA Ye 
nee 


\ 


NG | 


= 
Pe WANNA 
pe OE NANI 


ETN. 


=) =) 2 N = i x7 
N ~ fo) fo) fons) 2 Q 


(97) 39YVHO G3SYO1LS Q3YSA0I93Y ‘YD 


TTR NT 
TAIN TOON TT 
NTA AA UT NTT 


HEH A. 2 
HT TAA ALT 


ETE TN 
hit cmntr NGe 


HIN. 


fom) 
[— 


NN 
as] 
o 
‘HD 


(87) JOYVHI GAYOLS asaandois 


di/dt, ne 


di/dt (AMP/ys) 


FIGURE 15 — Ty = 150°C 


FIGURE 14 — Ty = 100°C 
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1N3889 thru 1N3893, MR1376 


FIGURE 16 — REVERSE RECOVERY CIRCUIT 


C.P. CLARE 
HPG 1002 


30 Vdc 
CONSTANT VOLTAGE 
SUPPLY _ + 


30 22 
50 W 
NON-INDUCTIVE 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Ry — ADJUSTED FOR 1.4 QBETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 wH 


R2 — TEN-1 W, 10 92, 1% CARBON CORE 
IN PARALLEL 


Ta = 25 *'00C FOR RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% 20MAX, OC to 2 kHz 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


R1 


R1 = 50 Ohms 

R2 = 250 Ohms 

D1 = 1N4723 

D2 = 1N4001 

D3 = 1N4933 
SCR1 = MCR729-10 

C1 =0.5 to 50 uF 

C2 ~ 4000 uF 

L1=1.0-27 4H 

T1 = Variac Adjusts 1(pK) and di/dt 

T2=4:1 

T3 = 1:1 (to trigger circuit) 


T1 


120 VAC 
60 Hz 


ui 
di/dt ADJUST 


. (pK) ADJUST 


D2 


R<0.25Q 
L <0.01 wH 


© CURRENT 
VIEWING 
RESISTOR 


OSCILLOSCOPE O 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ie = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 
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IRM(REC) 


From stored charge curves versus di/dt, recovery time (t;,) 
and peak reverse recovery current (IRM (REC)) can be closely 
approximated using the foilowing formulas: 


Op 1/2 
try = 1.41 x] — 
di/dt 


lRM(REC) = 1.41 x [QR x di/at] |/ 


IN3889A 


thru 
1N3893A 


Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS - 


. .. designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designers Data for ‘Worst Case’ Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘worst case’’ design. 


*MAXIMUM RATINGS 


— [Symbot | aN3869A] 1N3800A] INSBSTA] 1NSGO2A 


Peak Repetitive Reverse Voltage} VRRM 

‘Working Peak Reverse Voitage | VRWM 

DC Blocking Voltage VR 
Non-Repetitive Peak Reverse VRSM 75 

Voltage 


VARS 
12 


Average Rectified Forward 
Current (Single phase, resistive Smee a eetceennrernmnnnenennne te 
load, Tc = 100°C) . 


Non-Repetitive Peak Surge 
Current (surge applied at 
rated load conditions) (one cycle) 


Operating Junction Temperature Ty a EEenemenenemeemedtiied °\28 ° Rul L:, | ilieanenennenenammmntnel 
Range 


SOO arene em 


¢ Ss ae 
2) zla| 2 


' ~-65 to +175 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case ‘Ro sc c/w 


*ELECTRICAL CHARACTERISTICS 


instantaneous Forward Voltage 
lig = 38 Amp, Ty = 150°C) 
Forward Voltage 
"(Wp =12 Amp, Tc = 25°C) 


Reverse Current (rated dc voltage) Tc. = 25°C 
Tc = 100°C 


*REVERSE RECOVERY CHARACTERISTICS 
| Symbol 
Reverse Recovery Time - Soft Recovery. | 
(tg = 1.0 Amp to Vp = 30 Vde, Figure 16) ot 
(egy = 40 amp, di/dt = 25 A/us, Figure 17) 
ips ioampwva=s0vee,Fiewetey | PMRESI 
(t¢ = 1.0 Amp to Va = 30 Vdc, Figure 16) a 


% 


*Indicates JEDEC Registered Data 
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~ WEIGHT: 5.6 grams (approximately) 
MOUNTING TORQUE: 15 in-Ibs max. 


MOTOROLA 


FAST RECOVERY 
POWER RECTIFIERS 


50-400 VOLTS 
12 AMPERES 


CASE 245 
(DO-4) 
DO-203 AA 


MECHANICAL CHARACTERISTICS 
CASE: Metal hermeticlly sealed. 


FINISH: All external surfaces corrosion 
resistant and readily solderable 
POLARITY: Cathode to Case; Reverse 
polarity available by add- 
ing “R” Suffix, IN3889RA 


1N3889A thru 1N3893A 


FIGURE 2 — MAXIMUM SURGE CAPABILITY 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE 
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r(t) = normalized value of transient thermal resistance at time, t, from Figure 


3, ie: 
6 (ty + tp) = normalized value of transient thermal resistance at time ty+ tp. 
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FIGURE 3 — THERMAL RESPONSE 
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—1N3889A thru 1N3893A 


SINE WAVE INPUT SQUARE WAVE INPUT 


FIGURE 4 — FORWARD POWER DISSIPATION 


FIGURE 5 — FORWARD POWER DISSIPATION 
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1N3889A thru 1N3893A 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 11 — JUNCTION CAPACITANCE 
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FIGURE 10 — FORWARD RECOVERY TIME 
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TYPICAL RECOVERED STORED CHARGE DATA 


(See Note 2) 


FIGURE 13 — Ty = 75°C 


FIGURE 12 — Ty = 25°C 
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FIGURE 15 — Ty = 150°C 


FIGURE 14 — Ty = 100°C 


SN, 


(37) 39YVHI G3¥O1LS O3H5A00SY 18 Hp 


1.0 


0.02 


o 
(271) JODYVHI G3HOLS 0393A0934 ‘YD 


di/dt (AMP/ys) 


di/dt, (AMP/us) 


3-35. 


1N3889A thru 1N3893A 


FIGURE 16 — MOTOROLA REVERSE RECOVERY CIRCUIT 


A — TEKTRONIX 545A, K PLUG IN 


R} 30 2 PRE-AMP, P6000 PROBE OR EQUIVALENT 
32 50 W 
(¥) UNIT POINT 2 OF RELAY AND RECTIFIER 
UNDER TEST INDUCTANCE ~ 38 uH 
R2 — TEN-1.W, 10 2, 1% CARBON CORE 


IN PARALLEL 


C.P. CLARE 
HPG 1002 A 1AMP Ta=2 +10 
=25 “. °C FOR RECTIFIER 
SLO-BLO Ae’ _ 
O FUSE F MINIMIZE ALL LEAD LENGTHS 
30 Vde © C1 U 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0 uF RIPPLE = 3 mVrms MAX 
SUPPLY a 300 V Zout = 1% QMAX, DC to 2 kHz 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier | 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 'RM(REC) 
recovery power rectifiers are rated under a fixed set of conditions 
using lp = 1.0 A, VR = 30 V. In order to cover all circuit . 
conditions, curves are given for typical recovered stored charge From stored charge curves versus di/dt, recovery time (tyr) 
versus commutation di/dt for various levels of forward current and peak reverse recovery current (IRiM(REC)) can be closely 
and for junction temperatures of 25°C, 75°C, 100°C, and approximated using the following formulas: 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction ternperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 


| 444: sree] 1/2 
rectifiers is shown. : | IRM(REC) = 1.41 x [Gp x di/at] 


| ; | | 3-36. 


1N3889A thru 1N3893A 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


R1 


L1 
di/dt ADJUST 


R1 = §0 Ohms TI 

R2 = 250 Ohms 

D1 = 1N4723 

O02 = 1N4001 

- 120 Vac ‘ 

Sct © MCR729-10 60 Hz _ MPR) ADJUST 

C1 =0.5 to 50 uF 

C2 = 4000 uF 1: 43 

L1=1.0-27 4H 

T1 = Variac Adjusts I(pK) and di/dt 

T2=1:1 

T3 = 1:1 (to trigger circuit) 


R<0.252 
L <0.01 wH 


OSCILLOSCOPE O > CURRENT 
VIEWING 


RESISTOR 


FIGURE 18 — REVERSE RECOVERY CHARACTERISTIC 


Time 


SOFT RECOVERY 


NOTE 3 


CASE TO HEAT SINK 
THERMAL RESISTANCE UNDER 
VARIOUS CONDITIONS 


Metal-to-Metal Mica Insulation CASE TEMPERATURE | 
REFERENCE POINT 


Dry 


TORQUE: 15 IN-LBS 
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1N3899 thru 1N3903 


MR1386 


Designers Data Sheet 


STUD MOUNTED | 
FAST RECOVERY POWER RECTIFIERS 


. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designers Data for “Worst Case’ Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse 
Voltage 


Average Rectified Farward 
Current (Single phase, resistive 
load, Tc = 100°C) 


Non-Repetitive Peak Surge 
Current (surge applied at 
rated load conditions) (one cycle) 


Operating Junction Temperature Ty ee «6-65 10 +150 Oe oC 
Range a 
Storage Temperature Range ene ~§5 104176 


*THERMAL CHARACTERISTICS 
, arc a 


“ELECTRICAL CHARACTERISTICS 


‘Instantaneous Forward Voltage 
(ip = 63 Amp, Ty = 150°C) 
Forward Voltage 
(Ip = 20 Amp, Tc = 25°C) 
Reverse Current (rated dc voltage) Tc = 25°C 


Reverse Recovery Time 

(lp = 1.0 Amp to Vy = 30 Vdc, Figure 16) 

(iFM 2 36 Amp, di/dt = 25 A/us, Figure 17) 
Reverse Recovery Current 

(I¢ = 1.0 Amp to VR = 30 Vdc, Figure 16) 
*Indicates JEDEC Registered Data for 1N3899 Series. 


MOTOROLA 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
20 AMPERES 


1/4-28 UNF-2A 
TERMINAL 2 


|r 
Pad bo 
Pd) 
onl 


oh ——s 
o kd 
~ to 
Be) = 


CASE 42A-01 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion 


resistant and readily solderable 
POLARITY: Cathode to Case 
WEIGHT: 17 Grams (Approximately) - 
MOUNTING TORQUE: 25 in-Ibs max. 


1N3899 thru 1N3903, MR1386 


FIGURE 1 — FORWARD VOLTAGE 
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ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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PERCENT OF RATED 
1 CYCLE SURGE (Ippy SURGE) 


FIGURE 2 — MAXIMUM SURGE CAPABILITY 


Prior to surge, the rectitier 
is operated such that Ty = 150°C; 
VRRM may be applied between 
each cycle of surge 


2.0 3.0 5.0 7.0 10 20~=—s 330 50 70 100 
NUMBER OF CYCLES AT 60 Hz 


NOTE 1 


Pok 
DUTY CYCLE, D =tp/ty 
PEAK POWER, Pok, is peak of an 


equivalent square power pulse. 
TIME 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tye 1g FSC 
where 4 Tc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A TJC = Pak “Rasc (0 + (1 - D) 
where 

r{t) = normalized value of transient thermal resistance at time, t, from Figure 

3, ie.: 

r (ty + tp) = normalized value of transient thermal resistance at time t+ tp. 


“(ty + tp) + r(tp) — r(t1)] 


FIGURE 3 — THERMAL RESPONSE 
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1N3899 thru 1N3903, MR1386 


SINE WAVE INPUT 


FIGURE 4 — FORWARD POWER DISSIPATION: 
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FIGURE 6 — CURRENT DERATING 
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FIGURE 8 — TYPICAL REVERSE CURRENT 
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SQUARE WAVE INPUT 


FIGURE 5 — FORWARD POWER DISSIPATION 
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FIGURE 7 — CURRENT DERATING 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 9 — NORMALIZED REVERSE CURRENT 
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1N3899 thru 1N3903, MR1386 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 11 — JUNCTION CAPACITANCE 


FIGURE 10 — FORWARD RECOVERY TIME 
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Vr, REVERSE VOLTAGE (VOLTS) 


ig, FORWARD CURRENT (AMP) 


TYPICAL RECOVERED STORED CHARGE DATA 


—Ty=75°C 


(See Note 2) 
- FIGURE 13 


FIGURE 12 — Ty = 25°C 
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di/dt, eee 


di/dt (AMP/xs) 


STORED CHARGE DATA 


FIGURE 15 — Ty = 150°C 


FIGURE 14 — Ty = 100°C 
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1N3899 thru 1N3903, MR1386 


FIGURE 16 — REVERSE RECOVERY CIRCUIT 


C.P. CLARE 
HPG 1002 


(MAKE BEFORE BREAK) 


30 Vde 
CONSTANT VOLTAGE 
SUPPLY 


NON-INDUCTIVE 


A - TEKTRONIX 545A, K PLUG IN . 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Ry — ADJUSTED FOR 1.4 Q BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 uH 


R2 —TEN-1 W, 10 22, 1% CARBON CORE 
IN PARALLEL 


30 2 
50 W 


3c FOR RECTIFIER 


MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX . 


Zout = 1% QMAX, DC to 2 kHz 


Ta=25*! 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


R1=50 Ohms -— TI 
~ R2 = 250 Ohms 

01 = 1N4723 

D2 = 1N4001 

D3 = 1N4933 120, VAC 

SCR1 = MCR729-10 60 Hz 

— C1 =0.5 to 50 uF 

C2~ 4000 uF 

L1=1.0-27 uH 

T1 = Variac Adjusts I(px) and di/dt 

T2=1:1 

T3 = 1:1 (to trigger circuit) 


R1 


Li 
di/dt ADJUST 


* (pK) ADJUST 


- 


D2 


R<0.252 
L <0.01 pH 


OSCILLOSCOPE O © CURRENT 
VIEWING 


RESISTOR 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 

recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
‘current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using l— = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for ali Motorola fast recovery 
rectifiers is shown. 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (t,,) 
and peak reverse recovery current (I RM(REC)) can be closely 
Peproximated using the following formulas: 


IRM(REC) = 1.41 x [QR x di/at] 1/2 
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(AA) iret i 1N3909 thru 1N3913 
 MR1396 


Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
30 AMPERES 


. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designer’s Data for ‘‘Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics -- are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS 
Rating 


Peak Repetitive Reverse Voltage | Varnm 
Working Peak Reverse Voltage} Vawm 
DC Blocking Voltage 


RMS Reverse Voltage 


Average Rectified Forward 
Current (Single phase, 
resistive load, Tc = 100°C) 


Non-Repetitive Peak Surge 
Current (surge apptied at rated 


load conditions) 1/4-28 UNF-2A 


TERMINAL 2 


hie MILLIMETERS | INCHES | 
| MIN [MAX [MIN [MAX | 


17.4 


THERMAL CHARACTERISTICS 0.6 


Characteristic . ‘ Symbol 
Thermal Resistance, Junction to Case a Rosc 


*ELECTRICAL CHARACTERISTICS 
Characteristic 
VF 


Instantaneous Forward Voltage 
(ig = 93 Amp, Ty = 150°C) 
Forward Voltage 


(Ip = 30 Amp, Tc = 25°C) , 
Reverse Current (rated dc voltage) Tc = 25°C 


CASE 42A-01 
. DO-5 
MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed . | 


FINISH: All external surfaces corrosion 
resistant and readily soiderable 


POLARITY: Cathode to Case 
WEIGHT: 17 Grams (Approximately) 
MOUNTING TORQUE: 25 in-ibs max. 


Reverse Recovery Time 
(IF = 1.0 Amp to Vp = 30 Vdc, Figure 16) 
(leq = 36 Amp, di/dt = 25 A/us, Figure 17) 


1N3909 thru 1N3913, MR1396 


FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 2 — MAXIMUM SURGE CAPABILITY 
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90 Prior to surge, the rectifier 
is operated such that Tj = 150°C; | 
80 VRRM May be applied between 


each Cycle of Surge. 
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1 CYCLE SURGE (ify SURGE) 
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NUMBER OF CYCLES AT 60 Hz 
NOTE 1 


DUTY CYCLE, D=tp/ty 
PEAK POWER, Pok, is peak of an 


equivalent square power pulse. 
TIME 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 


respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction — 
temperature may be determined by: 


Ty= Te +4TIC 
where 4 TJc is the increase in junction temperature above the case temperature. 
it may be determined by: 
ATC = Pok *Rasc (D + (1 -D) - r(ty + tp) + r(tp) — rftq)] 
where 
r(t) = normalized value of transient thermal resistance at time, t, from Figure 
3, i.e.: 
r (ty + tp) = normalized value of transient thermal resistance at time t,+ tp. 


FIGURE 3 — THERMAL RESPONSE . 
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1N3909 thru 1N3913, MR1396 


SINE WAVE INPUT SQUARE WAVE INPUT 


FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION 


DISSIPATION (WATTS) 


PF(AV), AVERAGE FORWARD POWER 
DISSIPATION (WATTS) 


PF(AV). AVERAGE FORWARD POWER 


iF(AV), AVERAGE FORWARD CURRENT (AMP) 'F(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 6 — CURRENT DERATING FIGURE 7 — CURRENT DERATING 
32 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 
1E(AV), AVERAGE FORWARD CURRENT (AMP) 
a 


Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 


FIGURE 8 — TYPICAL REVERSE CURRENT FIGURE 9 — NORMALIZED REVERSE CURRENT 
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1N3909 thru 1N3913, MR1396 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 10 — FORWARD RECOVERY TIME 
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FIGURE 11 — JUNCTION CAPACITANCE 
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TYPICAL RECOVERED STORED CHARGE DATA 


FIGURE 13 — Ty = 75°C 


(See Note 2) 


FIGURE 12 — Ty = 25°C 
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IGURE 14 — Ty = 100°C 
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1N3909 thru 1N3913, MR1396 


FIGURE 16 — REVERSE RECOVERY CIRCUIT 


Y 


UNIT 


C.P. CLARE 
HPG 1002 


(MAKE BEFORE BREAK) 


30 Vdc 
CONSTANT VOLTAGE 
SUPPLY + 


NON-INDUCTIVE 


UNDER TEST 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


R1 — ADJUSTED FOR 1.4 22 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 yH 


R2 — TEN-1W, 10 22, 1% CARBON CORE 
IN PARALLEL 


_ op +10 
Ta=25 4 


MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% 2MAX, DC to 2 kHz 


°C FOR RECTIFIER 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


R1 = 50 Ohms TTI 

R2 = 250 Ohms 

D1 = 1N4723 

D2 = 1N4001 

D3 = 1N4933 120 VAC 
SCR1 = MCR729-10 60 Hz 

C1 = 0.5 to 50 uF 

C2 = 4000 pF 

Li=1.0-27uH 

T1 = Variac Adjusts \(pK) and di/dt 

T2= 1:1 

T3 = 1:1 (to trigger circuit) 


L1 
di/dt ADJUST 


* 1px) ADJUST 


D2 


R<0.252 
L <0.01 pH 


© CURRENT 
VIEWING 
RESISTOR 


OSCILLOSCOPE O 


NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Il_ = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (t,,) 
and peak reverse recovery current (IRiM(REC)) can be closely 
approximated using the following formulas: 


1/2 
Q . 
try = 1.41 | 
di/dt 


IRM(REC) = 1.41 x [QR x di/at] 1/? 
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1N4001 


thru MOTOROLA 
1N4007 


GENERAL-PURPOSE RECTIFIERS | _ LEAD MOUNTED 
SILICON RECTIFIERS 


... Subminiature size, axial lead mounted rectifiers for general- 50-1000 VOLTS 
purpose low-power applications. DIFFUSED JUNCTION 


Non-Repetitive Peak Reverse Voltage} Vasu 
(halfwave, single phase, 60 Hz) 


RMS Reverse Voltage VR(RMS) 
Average Rectified Forward Current 
(single phase, resistive load, [eee |) 
1 60 Hz, see Figure 8, Ta = 75°C) | i 
Non-Repetitive Peak Surge Current 
(surge applied at rated load ~——————————— 30 (for I cycle) ————— 
conditions, see Figure 2) 


HAAIVIVNE BALIN 
Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage VRWM 200 _ 800 Volts 
OC Blocking Voltage VR 


Characteristic and Conditions 


Maximum Instantaneous Forward Voltage Drop 
(ig = 1.0 Amp, Ty = 25°C) Figure 1 


Maximum Full-Cycle Average Forward Voltage Drop} VeEjay) 
(ig = 1.0 Amp, Ti, = 75°C, 1 inch leads) 
Maximum Reverse Current (rated dc voltage) 
Ty = 25°C 
. Ty = 100°C 
Maximum Full-Cycle Average Reverse Current 
(Io = 1.0 Amp, Ty = 75°C, 1 inch leads 


NOTES: . 
1. POLARITY DENOTED BY CATHODE 
BAND. 


*indicates JEDEC Registered Data. 


2. LEAD DIAMETER NOT CONTROLLED 
_ WITHIN “F” DIMENSION. 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/8” from 
case for 10 seconds at 5 Ibs. tension 
FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 Grams (approximately) 


TT MILLIMETERS] INCHES | 
| MIN | 


_ MIN | MAX | 
LA_| 5.97 | 6.60 | 0.235 | 0.260 | 
|B | 2.79 | 3.05 | 0.110 | 0.120 | 
LD | 0.76 | 0.86 | 0.030 | 0.034 | 
LK 27.94) - 11.100] - J 


i 
E 


CASE 59-04 
(Does not meet DO-41 outline) 


(AA) MOTOROLA 1N4719 thru 1N4725 


SILICON RECTIFIERS 


3.0 AMPERES 
50-1000 VOLTS 
DIFFUSED JUNCTION 


LEAD MOUNTED POWER RECTIFIERS 


.. having low forward voitage drop and hermetic metal packages. 
High surge current capability and good thermal characteristics 


provide reliable operation. 


© RO ja = 30°C/W 


CASE 60-01 
1N4719 thru 1N4725 


*MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted. 


Symbol 1N4719/ 1 Né720 | 14721, jana2n N4721 }ina7e2 1 }1na723, 1N4724 | 1N4725 eae 
Peak Repetitive Reverse Voltage ‘“VRRM Volts 
Working Peak Reverse Voltage ca 
DC Blocking Voltage 
Nonrepetitive Peak Reverse Voltage oF 1000 1200 Volts 
(one half-wave, single phase, 
60 cycle peak) 


RMS Reverse Voltage 140 


Average Rectified Forward Current 
(single phase, resistive load, 60 Hz, 
Ta = 75°C) 


Nonrepetitive Peak Surge Current 
(Superimposed on rated current 
at rated voltage, Ta = 75°C) 


Operating and Case Temperature 


ELECTRICAL CHARACTERISTICS 
Characteristic Max Limit 


*Instantaneous Forward Voltage 
(ip = 3.0 A, Ty = 75°C, Half Wave Rectifier) 


*Full Cycle Average Reverse Current 


(Iq = 3.0 Amps and Rated Vr», Ta = 75°C, 
Half Wave Rectifier) 


DC Reverse Current 
(Rated Vp, Ta = 25°C) 


*Indicates JEDEC Registered Data. 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed construction 
FINISH: All external surfaces corrosion-resistant and leads readily solderable. 
POLARITY: CATHODE TO CASE 
MOUNTING POSITIONS: Any. 
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1N4719 thru 1N4725 


OUTLINE DIMENSIONS 


same lau 


oan eee 


CASE 60-1 
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(MA) MOTOROLA 1N4933 thru 1N4937 


Designers Data Sheet 


FAST RECOVERY 
| RECTIFIERS 
AXIAL-LEAD, FAST-RECOVERY RECTIFIERS ‘50-600 VOLTS 
"4s AMPERE 


. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. . 


Designer’s Data for ‘‘Worst Case’’ Conditions 


The Designers Data Sheet permits the design of. most circuits entirely from the 
information presented. Limit curves — representing device characteristics boundaries — 
are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS | 


| Rating mbt | [1naoaa | 1naoas | 1aga6 | 1N4937 | Unit _| 
1 


| 1N4933 | 
Peak Repetitive Reverse Voltage VRRM 00 Volts 
VR 
35 70 


NOTES: 
1, ALL RULES AND NOTES ASSOCIATED 
WITH JEBEC DO-41 OUTLINE SHALL 


Working Peak Reverse Voltage 


DC Blocking Voltage APPLY. = . 
RMSR Volt Vv 14 Vol : 
mm pls : ci ae “ 3. LEAD DIAMETER NOT CONTROLLED 


Average Rectified Forward Current 
(Single phase, resistive load, 
Ta = 75°C) 


WITHIN “F* DIMENSION. 
[JMILLIMETERS| INCHES | 


joim| MIN | MAX | MIN | 

[A | 5.97 | 6.60 | 0.235 | 0.260_| 
|B | 2.79'{ 3.05 | 0.110 | 0.120 | 
[O | 0.76 | 0.86 | 0.030 | 0.034 | 
| K 2794] ~ } 4.100 | = 


CASE 59-04 
(Does not meet DO-41 outline) 


Nonrepetitive Peak Surge Current lESM <—_____-—_—_—- 30 ——_______—___» || Amps 
(Surge applied at rated load 
conditions) 
Operating Junction Temperature Range | °. Ty <a  -65 to +150 ——_______—_» °C 
. Storage Temperature Range Tstg ———_—_——— _ -65 to +175 a 2c 
*THERMAL CHARACTERISTICS 


Characteristic Symbol 
c/w 


| 


Thermal Resistance, Junction to Ambient Rouc | 
(Typical Printed Circuit-Board Mounting) 
*ELECTRICAL CHARACTERISTICS 


' Characteristic 
*Instantaneous Forward Voltage * » 
(ip = 3.14 Amp, Ty = 150°C) 
Forward Voltage 
(If = 1.0 Amp, Ta = 25°C) 


“Reverse Current (Rated de Voltage) Tp = 25°C : 
Ta = 100°C 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 
FINISH: External leads are readily solderable 


*REVERSE RECOVERY CHARACTERISTICS 


Reverse Recovery Time 
(i¢ = 1.0 Amp to Vp = 30 Vdc) (Figure 21) 
(len = 15 Amp, di/dt = 10A/us (Figure 22) 


POLARITY: Cathode indicated by 
polarity band - 


WEIGHT: 0.4 Gram (approximately) 


Reverse Recovery Current IRM(REC) 
(Ig = 1.0 Amp to Vm = 30 Vdc) (Figure 21) 


*Indicates JEDEC Registered Data 
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1N4933 thru 1N4937. 


FIGURE 1 — FORWARD VOLTAGE 
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SINE WAVE INPUT 
FIGURE 4 — FORWARD POWER DISSIPATION 
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FIGURE 2 — MAXIMUM SURGE. 
CAPABILITY = 


Prior to surge, the rectifier | 
is operated such that Ty = 150°C; 
VRRM may be applied between 
each cycle of surge 


PERCENT OF RATED 
1 CYCLE SURGE (Ip SURGE) 
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FIGURE 3 — FORWARD VOLTAGE 
TEMPERATURE COEFFICIENT 
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SQUARE WAVE INPUT 


FIGURE 5 — FORWARD POWER 
DISSIPATION 
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1N4933 thru 1N4937 


MAXIMUM CURRENT RATINGS 


SQUARE WAVE INPUT 
FIGURE 7 — EFFECT OF LEAD LENGTHS, 


SINE WAVE INPUT 
FIGURE 6 — EFFECT OF LEAD LENGTHS, 
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FIGURE 9 — 1/8” LEAD LENGTHS, VARIOUS LOADS | 


FIGURE 8 — 1/8’ LEAD LENGTH, VARIOUS LOADS 
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FIGURE 11 — PRINTED CIRCUIT BOARD MOUNTING, 
VARIOUS LOADS 


FIGURE 10 — PRINTED CIRCUIT BOARD MOUNTING, 
VARIOUS LOADS 
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1N4933 thru 1N4937 


FIGURE 13 — THERMAL RESISTANCE 
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Pok - Data shown for thermal resistance junction-to-ambient (8 ja) for the 
| DUTY CYCLE, D = tp/ty mountings shown is to be used as typical guideline values for preliminary 
PEAK POWER, Ppk, is peak of an | engineering or in case the tie point temperature cannot be measured. 

. equivalent square power pulse. 


TYPICAL VALUES FOR 8 ya, IN STILL AIR 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough: so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once MOUNTING METHOD 3 
steady-state conditions are achieved. Using the measured value of Tc, the junction , . 
| temperature may be determined by: P.C. Board with 


Tse FAT 1-1/2” x 1-1/2” copper surface 
where 4 T jc is the increase in junction temperature above the case temperature. rt = 3/8” 
It may be determined by: 


ATJC = Pok *Resc [D+ (1 - D) + r(ty + tp) + (tp) — r(tq)) Tl 
ty ees value of transient thermal resistance at time, t, from Figure cheese he 


r (ty + tp) = normalized value of transient thermal resistance at time t,+ tp. Vector pin mounting Board Ground 
Plane 


FIGURE 14 — THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 


Ta = Ambient Temperature Rgs = Thermal Resistance, Heat Sink to Ambient 
R@SA Ro LA RaJA aa Ro LK Rosk T _ = Lead Temperature Rg L= Thermal Resistance, Lead to Heat Sink 
Tc = Case Temperature Roy = Thermal Resistance, Junction to Case 

— a) T = Ty = Junction Temperature Pp = Power Dissipation 
——TAA we Pp AK—— (Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 

TLK Rot = 112°C/W/iN. Typically and 128°C/W/IN Maximum 
; TLA CA J 6 


Roy = 18°C/W Typically and 30°C/W Maximum 
The maximum lead temperature may be calculated as follows: 
Ty = 150° — aT yy, 
: Sek ‘ ‘ 2 ST jy, can be calculated as shown in NOTE 1 or it may be approximated 
Use of the above model permits junction to lead thermal resistance for any sefollowe: 

mounting configuration to be found. For agiven total lead length, lowest values AT y, © Ro yy © Pe: Pe may be formulated for sine-wave operation from 
occur when one side of the rectifier is brought as close as possible to the heat Figure 3 or from Figure 4 for square-wave operation. 
sink. Terms in the model signify: 
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1N4933 thru 1N4937 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 15 — FORWARD RECOVERY 
TIME 
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FIGURE 16 — JUNCTION CAPACITANCE 
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Vr, REVERSE VOLTAGE (VOLTS) 


TYPICAL RECOVERED STORED CHARGED DATA 


FIGURE 17 — Ty = 25°C 
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FIGURE 19 — Ty = 100°C 
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FIGURE 18 — Ty = 75°C 
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FIGURE 20 — Ty = 150°C 
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1N4933 thru 1N4937 


115 Vac 
60 Hz 


C.P. CLARE 
HPG 1002 


(MAKE BEFORE BREAK) 
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CONSTANT VOLTAGE 
SUPPLY 
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PRE-AMP, P6000 PROBE OR EQUIVALENT 


| Ry — ADJUSTED FOR 1.4 Q BETWEEN 
| POINT 2 OF RELAY AND RECTIFIER 
| INDUCTANCE ~= 38 wH 


RECOVERY TIME 


FIGURE 21 — REVERSE RECOVERY 
CIRCUIT 
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FIGURE 22 — JEDEC REVERSE RECOVERY 
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FIGURE 23 — TYPICAL 
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NOTE 3 


Reverse recovery time is the period which elapses from the 
time that the current, thru a4 previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than.10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using Ip = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
pons junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 


To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


From stored charge curves versus di/dt, recovery time (tyr) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 


tre = 1.41 Es 
= 1. x 
Me di/dt 


lRM(REC) = 1.41 x [QR x di/at] */2 


FIGURE 24 — NORMALIZED REVERSE CURRENT 
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Ty, JUNCTION TEMPERATURE (°C) 


(AA) MOTOROLA 


Designers Data Sheet 


“SURMETIC” RECTIFIERS 


...subminiature size, axial lead-mounted rectifiers for general- 
purpose, low-power applications. 


Designers Data for ‘Worst Case” Conditions 
The Designers Data Sheets permit the design of most circuits entirely 
from the information presented. Limits curves—representing boundaries on 
device characteristics—are given to facilitate “worst-case” design. 


*MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Nonrepetitive Peak Reverse Voltage} Vasn 
(Halfwave, Single Phase, 60 Hz) 
RMS Reverse Voltage VR(RMS 


Average Rectified Forward Current 
(Single Phase, Resistive Load, 
60 Hz, Ty. = 70°C, 

1/2'' From Body) 

Nonrepetitive Peak Surge Current 


{Surge Applied at Rated Load 
Conditions, See Figure 2) 


— 


te - 65 to +175 ————»| °C | 
~————-—- -§5 to +170 ———| °C | 
Beck 


$$$ 150, ———__—_—___»- 


Storage Temperature Range 


Operating Temperature Range TL 
DC Blocking Voltage Temperature TL 


*ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 
Maximum Instantaneous Forward Voltage Drop 
(ig = 4.7 Amp Peak, TL = 170°C, 
1/2 Inch Leads) 
Maximum Reverse Current (Rated de Voltage) 
(Ty, = 150°C) 


Maximum Full-Cycle Average Reverse Current (1) | IR (AV) 
(Iq = 1.5 Amp, Ti. = 70°C, 1/2 Inch Leads) 
*Indicates JEDEC Registered Data. 


NOTE 1: Measured in a single-phase, halfwave circuit such as shown in Figure 6.25 of EIA 
RS-282, November 1963. Operated at rated load conditions Io = 1.5 A, Vy = VRwn. 
TL= 70°C. 


4 
n 
ma 

<Q 


MECHANICAL CHARACTERISTICS 


CASE: Transfer moided plastic 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 240°C, 
1/8’ from case for 10 seconds at 5 Ibs. tension 


FINISH: All external surfaces are corrosion-resistant, feads are readily 
solderable 


POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 grams (approximately) 
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1N5391 
thru 


1N5399 


LEAD-MOUNTED 
SILICON RECTIFIERS 


50-1000 VOLTS 
DIFFUSED JUNCTION 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC 00-41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN “F” DIMENSION. 


[ __|MILLIMETERS| INCHES _| 
DIM] MIN | MAX | MIN | 


CASE 59-04 
Dimensions Within JEDEC DO-15 Outline. 


| 1N5391 thru 1N5399 


FIGURE 1— FORWARD VOLTAGE FIGURE 2 — MAXIMUM NONREPETITIVE SURGE CURRENT 
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FIGURE 4 — TYPICAL TRANSIENT THERMAL RESISTANCE 
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t, TIME (ms). 


The temperature of the lead should be measured using a thermocouple placed _—_—state conditions are achieved. Using the measured value of Th the Junction 
on the lead as close as possible to the tie point. The thermal mass connected to temperature may be determined by: 
the tie point is normally large enough so that it will not significantly respond to L=t + Alu ay, 2 
heat surges generated in the diode as a result of pulsed operation once steady- putt ate 
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1N5391 thru 1N5399 


FIGURE 6 — EFFECT OF LEAD LENGTHS, RESISTIVE LOAD 


FIGURE 5 — FORWARD POWER DISSIPATION 
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FIGURE 8 — PRINTED CIRCUIT BOARD 


FIGURE 7 — 1/2" LEAD LENGTH, VARIOUS LOADS 


MOUNTING, VARIOUS LOADS 
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NOTE 1 


FIGURE 9 — STEADY-STATE THERMAL RESISTANCE 


P. C. Board with 
1-1/2” x 1-1/2” copper surface 


MOUNTING METHOD 3 
Board Ground 


TYPICAL VALUES FOR 83, IN STILL AIR 


Vector pin mounting 
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MOUNTING METHOD 2 


mountings shown is to be used as typical guideline values for preliminary 
MOUNTING METHOD 1 


engineering or in case the tie point temperature cannot be measured. 


L, LEAD LENGTH (INCHES) 


o oO [—] i] (—) 
co wo - : N 


(W/90) GV3T-OL-NOILONAL JONVLSISSY TWWHSHL roy 


3-59 


1N5391 thru 1N5399 


C, CAPACITANCE (pF) tfr, FORWARD RECOVERY TIME (us) © 


o, EFFICIENCY FACTOR 


FIGURE 10 — FORWARD RECOVERY TIME : 
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FIGURE 12 — JUNCTION CAPACITANCE 


100 

70 

: oe ett 

- iowa 
am 1N5392/7 


reaue 
ire Sees Hh a HH Stites SERS 
oe A SN GO A eae 1 a 
Oy aaa 2g eT aoa ee 
rg 0.2 05 10 20 50 10 20. 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 14 — RECTIFICATION WAVEFORM 
EFFICIENCY FOR SQUARE WAVE 
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FIGURE 11 — REVERSE RECOVERY TIME 
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FIGURE 13 — RECTIFICATION WAVEFORM 
EFFICIENCY FOR SINE WAVE 
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RECTIFIER EFFICIENCY NOTE 


The rectification efficiency factor o shown in Figures 13 and 14 
was calculated using the formula: 


v2 olde) 
p R v2o(de) 
ig a 6 ipa SO ns he AN 
Prms v2o(rms) v2 lac) + V2 olde) 
Re 


For a sine wave input Vmsin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes 40%; for a 
square wave input of amplitude Vm, the efficiency factor becomes 
50%. (A full wave circuit has twice these efficiencies). 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 11) becomes significant, result- 
ing in an increasing ac voltage component across Ry which is 
‘opposite in polarity to the forward current thereby reducing the 
value of the efficiency factor o, as shown in Figures 13 and 14. 

It should be emphasized that Figures 13 and 14 show wave- 
form efficiency only; they do not account for diode losses. Data 
was obtained by measuring the ac component of Vo with a true 
rms voltmeter and the dc component with adc voltmeter. The 
data was used in Equation 1 to obtain points for the Figures. 
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1N5400 
(AA) MOTOROLA thru 
1N5406 


STANDARD 
RECOVERY RECTIFIERS 


LEAD MOUNTED 
STANDARD RECOVERY RECTIFIERS 


50-1000 VOLTS 
3 AMPERE 


.. . designed for use in power supplies and other applications having 
need of a device with the fotlowing features: 


High Current to Small Size 
High Surge Current Capability 
Low Forward Voltage Drop 
Economical Plastic Package 
Available in Volume Quantities 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse VRwM 
Voltage 
DC Blocking Voltage VR 


Nonrepetitive Peak Reverse VRSM 800 V 
Voltage 


olts 

Average Rectified Forward ; Amp 
Current 

(Single Phase Resistive Load, 

(1/2" Leads, Ty, = 105°C) 


MILLIMETERS] INCHES | 
| MIN | | MIN | MAX | 


| MAX. 
940 | a65 | os70| 0380 | 


4.83 {6.33 | 0.190 0.210 
| 1.22 | 1.32 | 0.048 | 0.052 | 
26.97 {27.23 | 1.062{ 1.072 


CASE 267-01 


Nonrepetitive Peak Surge 
Current (Surge Applied at 
Rated Load Conditions) 


THERMAL CHARACTERISTICS 


Characteristic Symbol 


Thermal Resistance, Junction to Ambient Roja 53 °C/W 
(PC Board Mount, 1/2’’ Leads) 


*ELECTRICAL CHARACTERISTICS 


Characteristic 


Instantaneous Forward Voltage (1) 
(ig = 9.4.Amp) 


MECHANICAL CHARACTERISTICS 


Case: Transfer Molded Plastic 


Finish: External Leads are Plated, 

Leads are readily Solderable 
Polarity: Indicated by Cathode Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 

240°C, Ye’ from case for 10 s 
*JEDEC Registered Data. at 5.0 Ib. tension 


’ (1) Measured in a single-phase half-wave circuit such as shown in Figure 6.25 of EIA RS-282, 
November 1963. Operated at rated load conditions TL=105°C, 19 =3.0 A, Vr=VRWM.- 


Average Reverse Current (1) 
. DC Reverse Current 
(Rated de Voltage, Ty. = 150°C) 


3-61 


-1N5400 thru 1N5406 


FIGURE 1 — FORWARD VOLTAGE ; FIGURE 2 — MAXIMUM NONREPETITIVE SURGE CURRENT 
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TL, LEAD TEMPERATURE (°C) 


ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


NOTE 1 — AMBIENT MOUNTING DATA : Fs | 
, FIGURE 4 — CURRENT DERATING PC BOARD MOUNTING 


‘Data shown for thermal resistance junction-to-ambient (Rg ja) 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering or in case the tie point temperature 
cannot be measured. 


TYPICAL VALUES FOR RajaIN STILL AIR 


MOUNTING METHOD 1 


P.C. Board Where Available Copper 
Surface area is small. 


MOUNTING METHOD 3 | 
P.C. Board with 


IF(AV), AVERAGE FORWARD CURRENT (AMP) | 


Ete tena pemeeae, NOTE: FOR RESISTIVE LOAD 2%! = 
MULL LULL AV) 
sai SiuwehGS 40 60 a0 100 ~+~120.«~«140+~=~SC~«SDS~C*«wB 
Vector Push-in Terminals T-28 . TA, AMBIENT TEMPERATURE (°C) 


Board Ground Plane 
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1N5817 MBR115P 
1N5818 MBR120P 
1N5819 MBR130P 
MBR140P 


(MA) MOTOROLA 


AXIAL LEAD RECTIFIERS 


oo employing ie Schottky Barrier principle in a large area metal:to: SCHOTTKY BARRIER 
silicon power diode. State-of-the-art geometry features epitaxial 

construction with oxide passivation and metal overlap contact. RECTIFIERS 
Ideally suited for use as rectifiers in low-voltage, high-frequency 1 AMPERE 
inverters, free wheeling diodes, and polarity protection diodes. 15, 20, 30, 40 VOLTS 

@ Extremely Low ve 

@ Low Stored Charge, Majority Carrier Conduction 

@ Low Power Loss/High Efficiency 


*MAXIMUM RATINGS 


MBR130P 
MBR140P 


1N5818 
1N5819 


Rating Symbol 


VRRM 
VRWM 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


VR 
Non-Repetitive Peak Reverse Voltage 
| Average Rectified Forward Current (2) ere | Oren 
(VR (equiv) < 0.2 Valde), | 
Ty, = 90°C, 
Re ja = 80°C/W, P.C. Board 
Mounting, see Note 2, Tp = 55°C) 


Ambient Temperature TA 


(Rated Va (dc), Privy) = 0, 
ReJA= 80°C/w) 
Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions, half-wave, single phase 
60 Hz, Ty = 70°C) 
Operating and Storage Junction 
Temperature Range 
(Reverse Voltage applied) 


*THERMAL CHARACTERISTICS (Note 2) 


[SSC haracteristic ———=~S*~*~dtCSCS*S mb ——=dtSCS*CMax =i 
| Thermal Resistance, Junction to Ambient ReJjA ee 


oo a 


MBR140P 


MBR115 
MBR120 
MBR130 


Maximum Instantaneous Forward 
Forward Voltage (1) 


MECHANICAL CHARACTERISTICS 


(ip = 0.1 A) ‘ 
(ip = 1.0 A) Transfer moided plastic 
(ip = 3.0 A) All external surfaces 


corrosion-resistant and the terminal 

leads are readily solderable 

POLARITY Cathode indicated by 
polarity band 


Maximum Instantaneous Reverse 
Current @ Rated dc Voltage (1) 


VF 
0.320 | 0.330 | 0.340 | 0.350 | 0.350 
0.450 | 0.550 | 0.600 | 0.550 | 0.600 
0.750 | 0.875 | 0.900 | 0.850 | 0.900 
(TL = 25°C) 1.0 1.0 1.0 1.0 1.0 
(TL = 100°C) 10 | 10 10 10 10 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32” from case. 
*Indicates JEDEC Registered Data for 1N5817-19. 


MOUNTING POSITIONS 


SOLDERING 220°C 1/16” from 
case for ten seconds 
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Tr, REFERENCE TEMPERATURE (°C) 


1N5817, 1N5818, 1N5819, MBR115P, MBR120P, MBR130P, MBR140P 


NOTE 1 — DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility) of thermal 
runaway must.be considered when operating this rectifier at 
reverse voltages above 0.1 VRwn. Proper derating may be accom- 
plished by use of equation (1). 


TA(max) = Ti(max) ~ ResaPFiAv) ~ ResAPRiAv) = (1) 
where Ta(max) = Maximum allowable ambient temperature 
TJ(max) = Maximum allowable junction temperature 
(125°C or the temperature at which thermal 
_ runaway occurs, whichever is lowest) 
PE(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
Raja = Junction-to-ambient thermal resistance 
Figures 1, 2, and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2). 


TR = Ty(max) ~— ResAPR(AV) (2) 
Substituting equation (2) into equation (1) yields: 
Ta(max) = TR ~ ReJAPF(AV) (3) 


Inspection of equations (2) and (3) reveals that Tr is the 
ambient temperature at which thermal runaway occurs or where 
ees 125°C, when forward power is zero. The transition from one 
boundary condition to the other is evident on the curves of 
Figures 1, 2, and 3 as a difference in the rate of change of the 


slope in the vicinity of 115°C. The data of Figures 1, 2, and 3 is 
based upon dc conditions. For use in common rectifier circuits, 
Table 1 indicates suggested factors for an equivalent dc voltage 
to use for conservative design, that is: 


VR equiv) = Vin(PK) X F (4) 
The factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


EXAMPLE: Find Ta (max) for 1N5818 operated in a 12-volt 
dc supply using a bridge circuit with capacitive filter such that 
Ipc = 0.4 A (le(ay) = 9.5 A), WeM)/l(av) = 10, Input Voltage 
= 10 Virms), Raga = 80°C/W. 

Step 1. Find Vp (equiv). Read F = 0.65 from Table 1, 

-» VR (equiv) = (1.41) (10) (0.65) = 9.2 v. 
Step 2. Find Tp from Figure 2, Read TR = 109°C 
@ VR =9.2 V and Roya = 80°C/W. 
Step 3. Find Pe(ay) from Figure 4, **Read Pe(ay) = 0.5 W 
@ EM) 
(AV) 
Step 4. Find Ta (max) from equation (3). 
TA(max) = 109 - (80) (0.5) = 69°C. 
**Values given are for the 1N5818. Power is slightly lower for the 
1N5817 because of its lower forward voltage, and higher for the 
1N5819. Variations will be similar for the MBR-prefix devices, 
using Pe(ay) from Figure 7. 


= 10 and IF(ay) =O.5A. 


TABLE 1 — VALUES FOR FACTOR F 


[Load | Revise [ Capacitive? | Resistive | Capacitive | Resistive | 
| Sinewave [ 05 [| 13 [| o5 | o68 | 10 | 
| 


Full Wave, 


Full Wave, 
Bridge Center Tapped* t 


*Note that VR(pK) © 2.0 Vin(pK). tUse line to center tap voltage for Vjn. 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE 
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ReJt, THERMAL RESISTANCE, JUNCTION-TO-LEAD (°C/W) 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE 
1N5818/MBR130P 


Vr, DC REVERSE VOLTAGE (VOLTS) 
FIGURE 4 — STEADY-STATE THERMAL RESISTANCE 
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-1N5817, 1N5818, 1N5819, MBR115P, MBR120P, MBR130P, MBR140P 


THERMAL CHARACTERISTICS 
FIGURE 5 — THERMAL RESPONSE 


r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 
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le(av), AVERAGE FORWARD CURRENT (AMP) 


DUTY CYCLE, D = tp/ty 
PEAK POWER, Ppk, 1s peak of an 
equivalent square power pulse. 


ZaJjL(t) = ZOJL @ r(t) 


TIME 
Sy 
ATJL = Ppk © Rost (D+ (1 - D) o rity + tp) + r(tp) - rfty)) 
where 
ATJL = the increase in junction temperature above the lead temperature 


| r(t) = normalized value of transient thermal resistance at time, t, from Figure, i.e.: 
(ty + tp) = normalized value of transient thermal resistance at time, t] + tp. 
0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 5.0k 10 k 
t, TIME (ms) . 
NOTE 2 — MOUNTING DATA 
Data shown for thermal resistance junction-to-ambient (Rg ja) 
for the mountings shown is to be used as typica! guideline values 
for preliminary engineering, or in case the tie point temperature 
ORO eeibiR et cannot be measured. 
EIGUNE Gs AAD EON EN DIS ne TYPICAL VALUES FOR Rog ga IN STILL AIR 
1N5817-19 ; 
re 
Z RiBE 
: baa 
[ow] 
rea 
a 
B 
a “a Mounting Method 1 Mounting Method 3 
ui a P.C. Board with P.C. Board with | 
2 | 1-1/2" X 1-1/2” 1-1/2" X 1-1/2" 
us | copper surface. copper surface. 
<x. ; 
cc & L L L = 3/8” 
> | a | 
= EZ 
z = | | 
= = 
_ LJ Mounting Method 2 
0.2 0.4 0.6 O08 16 2.0 4.0 = 
B dG d 
IF(AV), AVERAGE FORWARD CURRENT (AMP) 7 es 
L L 
Vector Pin Mounting 
NOTE 3 — THERMAL CIRCUIT MODEL 
(For heat conduction through the leads) 
FIGURE 7 — FORWARD POWER DISSIPATION Rasia) Raia) | Resta) RoJ(K) Retik)t Resik) 
MBR115P-140P | Oy t | 
a 50 —_ — 
S Sine Wave —-TA(A) ws Pp TA(K)— 
< 3.0 ed 
= AFM) 5 (Resistive Load) TL(A) TC(A) TJ TC(K) TL(K) 
z= 20 ) 
< 
a 1.0 
B 0 aa Use of the above model permits junction to lead thermal 
a J PZ resistance for any mounting configuration to be found. For a given 
e 05 Ws total lead length, lowest values occur when one side of the rectifier 
2 LAN, is brought as close as possible to the heat sink. Terms in the model 
0.3 > 
ae Lh signify: 
F: 0.2 ae Ta = Ambient Temperature Tc = Case Temperature 
2 aa Ti = Lead Temperature Ty = Junction Temperature 
= 0.1 a Res = Thermal Resistance, Heat Sink to Ambient 
<= 0.07 ++ Rei = Thermal Resistance, Lead to Heat Sink 
= 905 eens Bees Rey = Thermal Resistance, Junction to Case 
0.2 0.3 04 05 0.7 1.0 2.0 3.0 4.0 Pp = Power Dissipation 


(Subscripts A and K refer to anode and cathode sides, respec- 
tively.) Values for thermal resistance components are: 

Ret = 100°C/W/in typicaily and 120°C/W/in maximum 

Rey = 36°C/W typically and 46°C/W maximum. 


afc 


1N5817, 1N581 8, 1N5819,_ MBR115P, MBR120P, MBR130P, MBR140P 
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Irsm. PEAK SURGE CURRENT (AMP) 


Ig, REVERSE CURRENT (mA) 


FIGURE 9 — MAXIMUM NON-REPETITIVE SURGE CURRENT 
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FIGURE 10 — TYPICAL REVERSE CURRENT 
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NOTE 4 — HIGH FREQUENCY OPERATION 


Since current flow in a Schottky rectifier is the result of 
majority carrier conduction, it is not subject to jucntion diode 
forward and reverse recovery transients due to minority carrier 
injection and stored charge. Satisfactory circuit analysis work 
may be performed by using a model consisting of an ideal diode in 
parallel with a variable capacitance. (See Figure 11.) ‘ 

Rectification efficiency measurements show that operation will . 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at — 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary ' 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss: it is simply a result of reverse current flow through 
the diode capactiance, which lowers the dc output voltage. 


(AA) MOTOROLA 


Designers Data Sheet 
SCHOTTKY BARRIER 
RECTIFIERS 


3.0 AMPERES 
20, 30, 40 VOLTS 


AXIAL LEAD RECTIFIERS 


...employing the Schottky Barrier principle in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construction with 
oxide passivation and metal overlap contact. Ideally suited for use as rectifiers 
in low-voltage, high-frequency inverters, free wheeling diodes, and polarity 
protection diodes. 


@ Extremely Low ve @ Low Stored Charge, Majority 
@ Low Power Loss/High Efficiency Carrier Conduction 


Designer’s Data for Worst-Case Conditions 
The Designers Data sheets permit the design cf most circuits entirely from the informa- 
tion presented. Limit curves—representing boundaries on device characteristics—are given 
to facilitate worst-case design. . 


*MAXIMUM RATINGS 
1N5820 | 1N5821_| 1N5822 
Rating Symbol | MBR320P] MBR330P] MBR340P} Unit 


Peak Repetitive Reverse Voltage VRRM Peng 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 
[Non-Repetitive Peak Reverse Vonage | Vasm | 24 | 36 | 48 
pe 


RMS Reverse Voltage VR (RMS) 


Average Rectified Forward Current (2) 
VRiequiv) < 0.2 VRi(de), TL = 95°C 

(Resa = 28°C, P.C. Board 

Mounting, see Note 2) 


A 
“C 


Ambient Temperature 
Rated VR (dc), PF(Av) = 9 
Re ja = 28°C/W 
Non-Repetitive Peak Surge Current 
(Surge applied at rated load condi- 

tions, half wave, single phase 60 Hz, . 
TL = 75°C) 
Operating and Storage Junction 

Temperature Range (Reverse 

Voltage applied) 


MILLIMETERS| INCHES | 


*THERMAL CHARACTERISTICS (Note 2) 


Characteristic Symbol | Max [| Unit | : 0.370} 0.380 
Thermal Resistance, Junction to Ambient ReJA E 


Maximum Instantaneous 
Forward Voltage (1) 


1N5820 MBR320P 
1N5821 MBR330P 
1N5822 MBR340P 


(i¢ = 1.0 Amp) 

(ig = 3.0 Amp) MECHANICAL CHARACTERISTICS 

al at ada. CASE... es ws Transfer molded plastic 
pied i anehiee FINISH... 0... .4005. All external surfaces 


Reverse Current @ Rated 
dc Voltage (1) 
Ty = 25°C 
TL = 100°C 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
(2) Lead Temperature reference is cathode lead 1/32” from case. 
“Indicates JEDEC Registered Data for 1N5820-22. 
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corrosion-resistant and the terminal 
leads are readily solderable 


POLARITY .....  . . Cathode indicated by 
polarity band 
MOUNTING POSITIONS .......... 


SOLDERING...... 220°C 1/16” from case 
for ten seconds 


Any 


1N5820, 1N5821, 1N5822, MBR320P, MBR330P, MBR340P 


Tr, REFERENCE TEMPERATURE (°C) 


Tp. REFERENCE TEMPERATURE (°C) 


NOTE 1 — DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal 
rundway must be considered when operating this rectifier at 
reverse voltages above 0.1 Vpyym. Proper derating may be accom- 
plished by use of equation (1). 


Ta(max) = Td(max) ~ ReJAPF(AV) ~ ResaPRiav) . (1): . 


where Ta(max) = Maximum allowable ambient temperature 
TJ(max) = Maximum allowable junction temperature 
(125°C or the temperature at which thermal 
runaway occurs, whichever is lowest) __ 
Pe(av) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
R@Jja = Junction-to-ambient thermal resistance 


Figures 1, 2, and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2). 


TR = TJ(max) — ResAPRIAV) (2) 
Substituting equation (2) into equation (1) yields: 
TA(max) = TR - Re JAPF(AV) (3) 


Inspection of equations (2) and (3) reveals that Tp is the 
ambient temperature at which thermal runaway occurs or where 
i A 125°C, when forward power is zero. The transition from one 
boundary condition to the other is evident on the curves of 
Figures 1, 2, and 3 as a difference in the rate of change of the 


slope in the vicinity of 115°C. The data of Figures 1, 2, and 3 is 


_ based upon dc conditions. For use in common rectifier circuits, 


Table 1 indicates suggested factors for an equivalent dc voltage 
to use for conservative design, that is: 


-VR(equiv) =ViFM)X Fo (4) 


The factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


EXAMPLE: Find Ta(max) for 1N5821 operated in a 12-volt 
de supply using a bridge circuit with capacitive filter such that 
loc = 2.0A (IF(ayv) = 1.0 A), l(emM)/t(av) = 10, Input Voltage 

= 10 Virms), Rasa =40°C/W. 

Step 1. Find VR (equiv). Read F = 0.65 from Table 1, 

-» VR (equiv) = (1.41) (10) (0.65) = 9.2 V. 
Step 2. Find Tp from Figure 2. Read TR = 108°C 
@ VR =9.2 V and Rg ya = 40°C/W. 
Step 3. Find Pe (ay) from Figure 6. **Read Pe(ay) = 0.85 W 
@ MEM) 
AV) 
Step 4. Find Ta (max) from equation (3). 
Ta(max) = 108 ~ (0.85) (40) = 74°C. 
**Values given are for the 1N5821. Power is slightly lower for the 
1N5820 because of its lower forward voltage, and higher for the 
1N5822. Variations will be similar for the MBR-prefix devices, 
using Pe(ay) from Figure 7. 


= 10 and If(ay) = 1.0A. 


TABLE 1 — VALUES FOR FACTOR F 


Half Wave 


Full Wave, 


Ps | os Toes fo 3 
[ors {ov | 15 | 15 


Full Wave, 
Bridge Center Tapped* t 


*Note that Va(pK) © 2.0 Vin(pK)- tUse line to center tap voltage for Vjn. 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE 


ie 1N5820/MBR320P 


105 RaJa (°C/W) = 704 


en 


10 15 20 
Vr, REVERSE VOLTAGE (VOLTS) | 
FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE 
1N5822/MBR340P 


_ 
NO 


Vp, REVERSE VOLTAGE (VOLTS) 


RoJi, THERMAL RESISTANCE 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE 
1N5821/MBR330P 


TR, REFERENCE TEMPERATURE (°C) 


w 
3S 


~MAXIMUM 
Seo eee cate oe TYPICAL 


JUNCTION-TO-LEAD (°C/W) 


Both Leads to Heat Sink, 
Equal Length 


0 1/8 2/8 3/8 4/8. 5/8 6/8 7/8 1.0 
L, LEAD LENGTH (INCHES) - 


1N5820, 1N5821, 1N5822, MBR320P, MBR330P, MBR340P 


FIGURE 5 — THERMAL RESPONSE 


1.0 AS OEE GAEDE SORE CREA GEE Gee: 009 EE Oe CORRE PEERED ERENT CEE CORSA RY CD OD Och Gh CEE COREE GD CO Re) GS en ee oe — 
SONG SES AS OS A SES A GAAS SL RASS A CAS AN NE AD OU ES MEMS CES ON SN SO SS ST A AV Lee Ti 
TT —T————— ree ms 
DUTY CYCLE = tp/ty ot ri tt : a aioe LEAD LENGTH = 1/4 
05 PEAK P mee’ f pap tt tl ptt af 
nie au paae pk. 's — of an oh ear | ae ean ee ea 
equivalent square power pulse. = { | = 
=— 03 +t — 
=a) 1 
z8 RSG 
ED O2F- ATL= Poko ROL (D+ (1 - D) + rlty + ty) + elt) - rity) 
or 2 Pie p 1* tp p 1 ear The temperature of the lead should be measured 
r= ; . using a thermocouple placed on the lead as close as 
= = nen F 
—o 0.1, ATL = the increase in junction temperature above the ipo snieene possible to the tie point. The thermal mass con- 
22 lead temperature. See cA AES KS A EON OS ES eS ge alee 
w : : Ty rrr Ty _ ft nected to the tie point is normally farge enough 
Bw r(t) = normalized value of transient thermal we Seas oetiat ama so that it will not significantly respond to heat 
<z 0.05/— at time, t, ie.: TH ; tH — surges generated in the diode as a result of pulsed 
ey 0.03 r(t} + tp) = normalized value of | Be aBza operation once steady-state conditions are achieved. 
sH”™ transient thermal resistance = Using the measured value of TL, the junction tem- 
a 0.02+—at time ty + ty, etc. eaaiiimin Pear ale perature may be determined by: 


TJ=TL + ATYL 
* a RTO ah 
“0. 2 100 200 500 1.0 k 2.0 k 5.0k 10k 20 k 
t, TIME (ms) 
FIGURE 6 — FORWARD POWER DISSIPATION NOTE 3 — APPROXIMATE THERMAL CIRCUIT MODEL 


1N5820-22 


: D 
TL(a) TC(A) Ty To(K) TUCK) 
i} 


he Do P 
0.5 pt 
aes ral Ea) I 2974 Hime 


Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. For a given 
total lead length, lowest vaiues occur when one side of the rectifier 
is brought as close as possible to the heat sink. Terms in the model 


PE(ay), AVERAGE POWER DISSIPATION (WATTS) 


“0.1 0.2 0. a 05 0.7 1.0 5.0 7.0 10 signify: 
1F(AV), AVERAGE FORWARD silence nee Ta = Ambient Temperature Tc = Case Temperature 
Ty = Lead Temperature Ty = Junction Temperature 
FIGURE 7 — FORWARD POWER DISSIPATION Regs = Thermal Resistance, Heat Sink to Ambient 
MBR320P-340P Rg i = Thermal Resistance, Lead to Heat Sink 


Rg Jj = Thermal Resistance, Junction to Case 

Pp = Total Power Dissipation = Pe + PR 

Pe = Forward Power Dissipation 

Pr = Reverse Power Dissipation 

(Subscripts (A) and (K) refer to anode and cathode sides, respec- 
tively.) Values for thermal resistance components are: 

Rg i= 42°C/W/in typically and 48°C/W/in maximum 

Rg j = 10°C/W typically and 16°C/W maximum 


The maximum lead temperature may be found as follows: 


TL = Ty(max) ~ ATUL 
where ATj,_ * Raggi ° Pp 


a] 
a 
H 


Pe(av), AVERAGE POWER DISSIPATION (WATTS) 


cH 
IN 


VLE | 


le(av), AVERAGE FORWARD CURRENT (AMP) 


_ 


Mounting Method 1 
P.C. Board where 


available anal surface Mounting Method 3 
is small. P.C. Board with 


eee al with 2-1/2” X 2-1/2” 


NOTE 2 — MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient (Rg JA) = copper surface. 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering, or in case the tie point temperature ~ - L=1/2" 
cannot be measured. Mounting Method 2 
TYPICAL VALUES FOR Rowa tN STILL AIR Vector Push-In | 
Mounting Reranledaas 
Method = 


cer ire = FTEIZZZT 
: Board Ground Plane 
ON EET 
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1N5820, 1N5821, 1N5822, MBR320P, MBR330P, MBR340P - 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 


C, CAPACITANCE (pF) 


FIGURE 8 — TYPICAL FORWARD VOLTAGE 
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AY |_| 
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ae ier 


1.7117.2 = 1, 
(VOLTS) 


oS 


1.4 


Ae 
NL 


ae Sa CG a Ka 
eae COR He) Os 
ttt ttt i wse22/meR340P 


50 70 10 
Vr, REVERSE VOLTAGE (VOLTS) 


ve 


FIGURE 9 — MAXIMUM NON-REPETITIVE. SURGE CURRENT 


leg, PEAK HALF-WAVE CURRENT (AMP) 


100 
i aaa es ae ea ES eee 
70 ae ee ee 
ae oe SESE 
es Ree wees) 
3 ae eer 
fee ee TI 

30 Ree 


ae, 


Surge Applied at Rated Load Conditions 


3.0 5.0 7.0 10 20 3 
NUMBER OF CYCLES 


FIGURE 10 — TYPICAL REVERSE CURRENT 


100 ——S 
s St 
a 
20 Papago 
a 
= Le a Sa 
£ $0 S peemaes 
Ett 
oad 2.0 es an | 
ae 75°C — ft 
er ee ace BE Cae 
4 Le + 
= = 
cat 
ce 
ee? aoe 
0.1 ee ae 
is "PTO, CSREES ETRE ERE 
| — 
a mae 1N5820/MBR320P 
0.02 ae —— me 1N5821/MBR330P 
ei 4 — — — 1N5822/MBR340P 
“90 460 80 12 16 #20 2 28 32 36 40 
Vp, REVERSE VOLTAGE (VOLTS) 
NOTE 4 — HIGH FREQUENCY OPERATION 
Since current flow in a Schottky rectifier is the result of 
majority carrier conduction, it is not subject to junction diode 


forward and reverse recovery transients due to minority carrier 


in 
m 
in 
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jection and stored charge. Satisfactory circuit analysis work 
ay be performed by using a model consisting of an ideal diode 
parallel with a variable capacitance. (See Figure 11.) 


(AA) MOTOROLA 


Designers Data Sheet 


HOT CARRIER POWER RECTIFIERS 
... employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State-of-the-art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 


@ High Surge Capacity 
@ TX Version Available 


@ Extremely Low ve 


@ Low Stored Charge, Majority 
Carrier Conduction 
@ Low Power Loss/ High Efficiency 


Designer's Data for ‘’Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on 
device characteristics — are given to facilitate ‘‘worst case’ design. 


*MAXIMUM RATINGS 


Rating 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 

RMS Reverse Voltage 

Average Rectified Forward Current 
VR(equiv) < 0.2 VR (dc). Tc = 75°C 
VR(equiv) < 0.2 VR (de), TL = 80°C 


RajA = 25°C/W, P.C. Board 
Mounting, See Note 3) 


Ambient Temperature 


Rated VR (dc). PF(AV) = 0 
Raja = 25°C/W 


Non-Repetitive! Peak Surge Current 
(Surge applied at rated load conditions, 
halfwave, single phase 60 Hz) 


*THERMAL CHARACTERISTICS 


Characteristic Symbol 


Thermal Resistance, Junction to Case 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol b aneeee | 
v 


Maximum Instantaneous Forward Voltage (1) 


Maximum Instantaneous Reverse Current 
@ rated dc Voltage 
Tc = 25°C 
Tc = 100°C 
(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle= 2.0%  ‘*Indicates JEDEC Registered Data for 1N5823-1N5825 


F 
(if = 3.0 Amp). 
(i¢ = 5.0 Amp} 
(ig = 15.7 Amp) . 
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1N5823, 1N5824 
1N5825 
MBR5825,H, H1 


SCHOTTKY BARRIER 
RECTIFIERS 


5 AMPERE 
20, 30, 40 VOLTS 


CASE 60-01 


1N5825 
MBR5825H, H1 


0.350 
0.380 
0.520 


1N5823, 1N5824, 1N5825, MBR5825H, H1 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.1 Vaywm. Proper derating may be accomplished by use 
of equation (1): . 
TA(max) = TJ(max) ~ Rega PF(AV) ~ RegAPRiAV) — (1) 
where 
TA(max) = Maximum allowable ambient temperature 


Tj(max) = Maximum allowable junction temperature 
(125°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest). 


PE(AV) = Average forward power dissipation 
PR(av) = Average reverse power dissipation 


Rg JA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


TR = Ty(max) — ResAPR(AV) (2) 
Substituting equation (2) into equation (1) yields: 
Ta(max) = TR ~ Roya PE(AV) (3) 


Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is évident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon de condi-- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an.equivalent dc voltage to use for conservative © 
design; i.e.: : - = . So 
VR(equiv) = VIN(PK) % F | (4) 
The Factor F is derived by considaring the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for 1N5825 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Ipc = 
10 A (lE(Av) = 5 A), I(PK)/I(AV) = 10, Input Voltage = 10 
Virms), Raja = 10°C/W. : 
Step 1: Find VR(equiv). Read F = 0.65 from Table | rm 
VRiequiv) = (1.41)(10)(0.65) = 9.2 V 

Step 2: Find Tr from Figure 3. Read TR = 113°C @ VR = 
9.2 V & Reya= 10°C/W. 

Step 3: Find Pe; ay) trom Figure 4.**Read Pejay) = 5.5 W 


| 
@—=10 & letay)=5A 
AV) 


Step 4: Find Ta(max) from equation (3). Ta(max) = 113-(10) 
(5.5) = 58°C. 


**Value given are for the 1N5825. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE | —- VALUES FOR FACTOR F 


Full Wave, | 
Center Tapped *+ 


ee ee 


*Note that VR(pK) 2 Vin(PK) 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5823 


er 


Tr, REFERENCE TEMPERATURE (°C) 


40 50 7.0 10 15 20 
Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE 
1N5825 AND MBR5825H, H1 


Tr, REFERENCE TEMPERATURE (°C) 


MANA 


\ 
is 
N 
| SAADAN 
40 5.0 7.0 10 15 20 30 40 
Vp, REVERSE VOLTAGE (VOLTS) 


t Use line to center tap voltage for Vin. 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 1N5824 


125 


Tr, REFERENCE TEMPERATURE (OC) 


65 Sg 
15 1 


55 FRANNS 
3.0 40 5.0 7.0 10 15 20 30 
Vr, REVERSE VOLTAGE (VOLTS) 


Y 


FIGURE 4 — FORWARD POWER DISSIPATION 
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PF(AV), AVERAGE POWER DISSIPATION (WATTS) 
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1N5823, 1N5824, 1N5825, MBR5825H, H1 


THERMAL CHARACTERISTICS 
FIGURE 5 — THERMAL RESPONSE 


, = 
RG) ah cs arse Ge nce al tO 6 SDD SANS SG OAH SS! BS OSG 5 EN HOSS ec ON 1 CS RS 
= is) FS Ei CA MR CAR EV LE SO GN CE WEN a (U0 SR DR PRS OPER DA a el ee) Os A SG a MTS 
2 43 A a ee ee ee ee eee 
= ott Tt TTT TT TTT Lee ty TTT] asew= rose eo TTT PPT 
cae tt eee et 
Bey heed eM el sere ay elie Pak —7TPok ur eveie. o< ul 
+. —__ rl : | | pmuel 
0.07 Fs am i a 
S = pet er nacre teas equivalent square power pulse. 
B Oe BB 8 ee ee ee ee ee es RTO iC SAO ate 
2 on SEL DEED TALLTR REET a Tic= Pp pent 
- 0.02 TLE ee ATjc = the increase in junction temperature above the case temperature 
a cae, a MBatti eee Re we Reet r(t) = normalized value of transient thermal resistance at time, t, from Figure 5, i.e.: 
0.01 Lr BeRrizeS Seiki (ty + tp) = normalized value of transient thermal resistance at time, t] + tp. 
0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0k 2.0k 5.0k 10 k 20 k 50k 
t, TIME (ms) 


NOTE 2 — FINDING JUNCTION TEMPERATURE 


Pok Pok 


DUTY CYCLE, D = tp’ty 
PEAK POWER, Pok, is peak of an 
E equivalent square power pulse. 


nae C6 te 
_— | en 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode asa result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 


TS Tes TIC 
where ™- Tj is the increase in junction temperature above the case temperature 
It may be determined by: 
STJC = Pok “Rasc (D+ (1- DO) «(ty + ty) + rltp) ~ e(tq)) 
where 
r{t) = normalized value of transient thermal resistance at time, t, from Figure 
5. 1.e.. 
r (ty + tp) = normalized vatue of transient thermal resistance at time ty ty 


, 


NOTE 3 —~ MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient 
(R@ JA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 


TYPICAL VALUES FOR Roja IN STILL AIR 


MOUNTING METHOD 1 
Lote Ly 


MOUNTING METHOD 2 
{hh 

Sis re 

CA SALALALSSSAA 


Vector pin mounting 


MOUNTING METHOD 3 


P. C. Board with 
2 1/2'' x 2 1/2’’ copper surface 


L = 5/8” 


__ 
4 
Board Ground 
Plane 


FIGURE 6 — APPROXIMATE THERMAL CIRCUIT MODEL 


ROCA 
70°C/W 
x 
R@LA ROJA Resc 
R@SA 40°C/W/IN 25°C/W 2°C/w 
Rect R@LK Resk 
e 0.5°C/Ww 40°C/W/IN 
a. FAA TLA Ty eS te. TAK wee Cho 
Use of the above model permits calculation of average TEMPERATURES THERMAL RESISTANCES 


junction temperature for any mounting situation. Lowest 
values of thermal resistance will occur when the cathode 
lead is brought as close as possible to a heat dissipator; as 
heat conduction through the anode lead is small. Terms 
in the mode} are defined as follows: 
*Case temperature reference 

is at cathode end. 


' Ta = Ambient 
TAA = Anode Heat Sink Ambient 
Tak = Cathode Heat Sink Ambient 
TLa = Anode Lead 
TLK = Cathode Lead 

Ty = Junction 


tt 
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RecaA= Case to Ambient 

Resa = Anode Lead Heat Sink to Ambient 
Res = Cathode Lead Heat Sink to Ambient 
Reta = Anode Lead 

Ré@LK = Cathode Lead 

Rg@ci = Case to Cathode Lead 

Re yc = Junction to Case 

Reyna = Junction to Anode Lead (S bend) 


1N5823, 1N5824, 1N5825, MBR5825H, H1 


FIGURE 7 — TYPICAL FORWARD VOLTAGE FIGURE 8 — MAXIMUM SURGE CAPABILITY 


200 
TTLIELELILILL, Prior to surge, the rectifier is operated such 
0 j : 
Te = 259C that Ty = 100°C; Va Ry may be applied be 
tween each cycle of surge. 


lFSM. PEAK HALF-WAVE CURRENT (AMP) 


NUMBER OF CYCLES 


- 
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FIGURE 9 — TYPICAL REVERSE CURRENT 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 


< 
& 
2 
cm 
m ee ee c 
3 
0.7 re 
Cc 
pee) 
ea S 
c 
ia 2 . = 1N8#29 — 20 
= —~—1N5824 - 30V 
| ——-—1N5825 - 40 V 
MBR5825H, H1 — 
0.2 5H, 
0 0.2 0.4 0.6 | 0.8 1.0 12 1.4 0 40 80 12 16 20 24 +122 32 36 8 40 


vF, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 — CAPACITANCE 


eaue NOTE 4 — HIGH FREQUENCY OPERATION 
aa = Ulli Since current flow in a Schottky rectifier is the result of majority 
1500 carrier conduction, it is not subject to junction diode forward and 
z reverse recovery transients due to minority carrier injection and . 
aco stored charge. Satisfactory circuit analysis work may be performed 
=) 1000 by using a model consisting of an ideal diode in paratiel with a 
< variable capacitance. (See Figure 10). 
S 700 Rectification efficiency measurements show that operation will 
o be satisfactory up to several megahertz. For example, relative 
o waveform rectification efficiency is approximately 70 per cent at 
2 500 1N5823 — 20 V ot SRS ’ 2.0 MHz, e.g., the ratio of dc power to RMS power in the load is _ 
400 1N5824 — 30 V ; : 0.28 at this frequency, whereas perfect rectification would yield 
1N5825 -— 40 V 0.406 for sine wave. inputs. However, in contrast to ordinary 
300 MBR5825H, H1 — junction diodes, the loss in waveform efficiency is not indicative of 
250 power. loss: it is simply a result of reverse current flow through the 


0.04 0.06 0.1 0.2 0406 1.0 2.0 40 60 10 20 40 diode capacitance, which lowers the dc output voltage. 
Vr, REVERSE VOLTAGE (VOLTS) 
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1N5823, 1N5824, 1N5825, MBR5825H, H1 


PRODUCTION PROCESS: 
1. Raw Material 
2. Factory Processing 


NOTE 5 — HI-REL PROGRAM OPTIONS 


INSPECTION LOT FORMATION The 1N5825 is also available with two levels of extra testing 
AFTER FINAL ASSEMBLY similar to “TX” screening and including Group A and B inspection 
CER ATION SEALING! programs. Both the MBR5825H and MBR5825H1 go through 
100% screening consisting of high temperature storage, temper- 
ature cycling, constant acceleration and hermetic seal testing 
prior to a sample being submitted to Group A and B inspection. 
100% PROCESS CONDITIONING After completion of Group B inspection, the MBR5825H is avail- 
1. High Temperature Storage able without additional screening. MBR5825H1 devices are 
2. Temperature Cycling further processed through a high temperature reverse bias 
3. Constant Acceleration (HTRB) and forward burn-in. Consult factory for details. 
4. Hermetic Seal (Fine and Gross) 


MBR5825H HOLDING AREA: 
100% Group A Test 


PREPARATION 
FOR 
DELIVERY 


INSPECTION TESTS 
TO VERIFY LTPD: 
Group A 
Group B 
(Sample Tests) 


100% POWER CONDITIONING 
. Electrical Test 

. HTRB (160 Hrs Min) 

. Electrical Test (PDA = 10) 

. DC Forward Burn-in (24 Hrs Min) 
Electrical Test (PDA = 10) 


aohWN = 


REVIEW OF 
GROUPS A&B DATA 
FOR ACCEPT OR REJECT 


MBR5825H1 PREPARATION 
HOLDING AREA: FOR 


100% Group A Test DELIVERY 


Accept 
Data 


Accept 
Data 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed construction. 
FINISH: All external surfaces corrosion-resistant and the terminal leads are readily solderable. 
WEIGHT: 2.4 grams (approximately). 


POLARITY: Cathode to case. 
MOUNTING POSITONS: Any 


CASE 60-1 
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| 4N5826 
| 4N5897 
| N58 28 


- Designers Data Sheet _ 


AA) MOTOROLA 


SCHOTTKY 
BARRIER | 
RECTIFIERS 


HOT CARRIER POWER RECTIFIER 


. employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voitage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


@ Extremely Lowve . : @ Low Power Loss/High Efficiency 
© Low Stored Charge, Majority @ High Surge Capacity 
Carrier Conduction 


15 AMPERE 
20,30,40 VOLTS 


Designer’s Data for ‘Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device char- 
acteristics — are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS 
_ Rating : 


Symbol | 106826 | 1NGB2 [TNESZB 


i VRRM | 
iVRWM 20 | 30 40 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voitage 


DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 


Rated Vr (dc), Pe(Av) = 9, 
Rg ja = 5.0°C/W 


Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions, 
halfwave, single phase, 60 Hz) 


Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 


| Peak Operating Junction Temperature | T pk) |_———————— 150 ——— % 
(Forward Current Applied) 


| *THERMAL CHARACTERISTICS 


Characteristic 


TERM 1. ANODE 
2. CATHODE 


| ~ Thermal Resistance, Junction to Case 
“ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) - oe : oer 


a ss in . _ Ait JEDEC dimansions and notes apply 
1N5826 | 1N5827| 1N5828 | Unit | 
VE | 


Characteristic 


! Maximum Instantaneous Forward 
Voltage (1) . oe — — 

(ip = 8.0 Amp) 0.380 0.400 | 0.420 | ~— 

eeas Amel | 640. | 6 ol oboe | MECHANICAL CHARACTERISTICS 
| (if = 47.1 Amp) 0.670 0.770 0.870 CASE: Weided, hermetically sealed 


| Maximum Instantaneous Reverse “| | FINISH: Aji external surfaces corrosion resistant 
| Current @ rated dc Voitage (1) 10 10 10 _ and terminal leads are readily solderable. 
| Tc = 100°C 75 | 75 75 POLARITY: Cathode to Case 
| *Indicates JEDEC Registered Data. . MOUNTING POSITION: Any 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycie = 2.0%. STUD TORQUE: 15 in. Ib. max 
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1N5826, 1N5827, 1N5828 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vaywm. Proper derating may be accomplished by use 
of equation (1): 
TA(max) = TJ(max) — Raga PF(AV) — 
where 
TA(max) = Maximum allowable ambient temperature 


RajaPriav) = (1) 


TJ(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 


Pr(AV) = Average forward power dissipation 


PR(AV) = 
Rega = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


Average reverse power dissipation 


TR = TJ(max) — Rega PR(AV) (2) 
Substituting equation (2) into equation (1) yields: 
Ta(max) = TR ~ Resa PF(AV) (3) 


Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


TABLE | — VAL 


Load 


iar rire re 
[Sauare Wave [0.75 


*Note that VR (pK) ~ 2 Vin(PK) 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5826 
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ee 3 — MAXIMUM dich TEMPERATURE — 1N5828 


a 


AZ 


TN BROAN 
Rosacocmw)= 80" \ | NY AAIN 
Bele SING) 


7.0 
VR, ven voce mene 


Tr, REFERENCE TEMPERATURE (°C) 


*No external heat sink. 


Half Wave Full Wave, Bridge 


3 as a difference in the rate of change of the siope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VR equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for 1N5828 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Ipc = 


10 A (le(ay) = 5 Al, l(pK)/lYay) = 20, Input Voltage = 10 
Virms), Rg ya = 5°C/W. 
Step 1: Find Va(equiv). Read F = 0.65 from Table | .. 
VR (equiv) = (1.41)( 10) (0.65) =9.18 V 
Step 2: Find TR from Figure 3. Read TR = 121°C @ VR =9.18 
& Roya =5°C/W 
Step 3: Find Pe; ay) from Figure 4.** Read Pe(ay) = 10 W 
(PK 
@ TR. 20 & IE(AV) - 
AV) 
Step 4: Find TaAimax) from equation (3). Ta(max) = 121-(5)(10) 


= 71°C 


** Value given are for the 1N5828. Power is slightly lower for the 
other units because of their lower forward voltage. 


UES FOR FACTOR F 


Full Wave, 
Center Aa doc et 


a 


*tUse line to center tap voitage for Vin. 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 1N5827 
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FIGURE 4 — 


FORWARD POWER DISSIPATION 


PE(AV), AVERAGE FORWARD 
POWER DISSIPATION (WATTS) 


10 12 
IF(AV), AVERAGE FORWARD CURRENT (AMP) 
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1N5826, 1N5827, 1N5828 


FIGURE 6 — MAXIMUM SURGE CAPABILITY 


FIGURE 5 — TYPICAL FORWARD VOLTAGE 
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1.0 


vf, INSTANTANEQUS FORWARD VOLTAGE (VOLTS) 


08 


0.6 


0.4 


0.2 


200 
0.3 
0.2 


Tc, CASE TEMPERATURE (°C) 


5.0k 


2.0k 


to/ty 


1.0k 


PEAK POWER, Ppk, Is peak of an 
equivalent square power pulse. 
500 


DUTY CYCLE, D 


TIME 
200 


normalized value of transient thermal resistance at time, ty + tp. 
100 


50 


be——~ t 4 -—+ 


Pok - Rose (0 +(1-D)- r(ty + tp) + r(tp)—r(tq)] 
the increase in junction temperature above the case temperature 


normalized value of transient thermal resistance at time, t, from Figure 8, i.e.: 


ATjc = 
r(t} = 
r(ty + tp) 


Qe: 
bt 2 
as 


20 


t, TIME (ms) 
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1N5826, 1N5827, 1N5828 


FIGURE 9 — NORMALIZED REVERSE CURRENT FIGURE 10 — TYPICAL REVERSE CURRENT 
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eee ae ———— 1N5828 - 40 V 
0.05 
25 45 65 85 105 125 : 
Tc, CASE TEMPERATURE (°C) Vr, REVERSE VOLTAGE (VOLTS) 
FIGURE 11 — CAPACITANCE 
2500 ——~ 
| 
st eT NOTE 2 ~ HIGH FREQUENCY OPERATION 
Ca eo Since current flow in a Schottky rectifier is the result of majority 
1500 ST SG carrier conduction, it is not subject to junction diode forward and 
1a le NO reverse recovery transients due to minority carrier injection and 
= Bi NON stored charge. Satisfactory circuit analysis work may be performed 
= wae TE NSN by using a model consisting of an ideal diode in parallel with a 
< HEE Ho Lf Tt TSK A variable capacitance. (See Figure 11). 
2 700 cS ON TN Rectification efficiency measurements show that operation will 
a aan RNS be satisfactory up to several megahertz. For example, relative 
ne: al aa ae waveform rectification efficiency is approximately 70 per cent at 
a 2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
400 NS 0.28 at this frequency, whereas perfect rectification would yield 
ie 0.406 for sine wave inputs. However, in contrast to ordinary 
300 aN junction diodes, the loss in waveform efficiency is not indicative of 
250 power loss; it is simply a result of reverse current flow through the 
0.040.06 0.1 02 0406 10 20 4060 10 2040 diode capacitance, which lowers the dc output voltage. 


Vr, REVERSE VOLTAGE (VOLTS) 
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1N5829, 1N5830 
1N5831 


: MOTOROLA 
MBR5831,H, H1 


Desi gners Data Sheet 


HOT CARRIER POWER RECTIFIERS | 
... employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State-of-the-art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 


SCHOTTKY BARRIER 
RECTIFIERS 


25 AMPERE 
20, 30, 40 VOLTS 


® Extremely Low ve @ Low Power Loss/High Efficiency 
@ Low Stored Charge, Majority ® High Surge Capacity 
Carrier Conduction @ TX.Version Available — 


Designer’s Data for ‘Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on 
device characteristics — are given to facilitate. “worst case” design. 


*MAXIMUM RATINGS 


IN 
5831 
MBR 


Rating 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Ambient Temperature 
Rated VR (dc). PF(Av) = 0 
RgJA = 3.5°C/W 
Non-Repetitive'Peak Surge Current 
(Surge applied at rated load 
conditions, halfwave, single 
phase 60 Hz) 


Operating and Storage Junction 
Temperature Range (Reverse 


voltage applied 


TERM 1. ANODE 
2. CATHODE 


Peak Operating Junction 
Temperature (Forward 
Current Applied) 


All JEDEC dimensions and notes epply 


CASE 56 
DO-4 


Maximum Instantaneous Forward MECHANICAL CHARACTERISTICS 


Voltage (1) CASE: Welded, hermetically sealed 
(if = 10 Amp) FINISH: All external surfaces corrosion 
(ig = 25 Amp) resistant and terminal leads are 


readily solderable. 
-- POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. Ib. Max 


(ip = 78.5 Amp) 


Maximum Instantaneous Reverse 
Current @ Rated dc Voltage (1) 
(Tc = 100°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0% *Indicates JEDEC Registered Data for 1N5829-1N5831 
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1N5829, 1N5830, 1N5831, MBR5831H, H1 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vaywm. Proper derating may be accomplished by use 
of equation (1): 
TA(max) * TJ(max) ~ Resa PF(Av) — Rega PR(AV) 
where 
TA(max) = Maximum allowable ambient temperature 


(1) 


TJ(max) = Maximum allowable junction temperature (125°C 


or the temperature at which thermal runaway 
occurs, whichever is lowest). 
PE(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
Rg jc = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


TR = T5(max) — Resa PR(AV) (2) 
Substituting equation (2) into equation (1) yields: 
_ Ta(max) = TR ~ Rasa PF(AV) (3) 


Inspection of equations (2) and (3) reveals that Tp is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon de condi- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VR(equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for 1N5831 operated in a 12-Voit dc 
supply using a bridge circuit with capacitive filter such that lpc = 
16 A (lg(ayv) = 8A), l(pK)/l(ay) = 20, Input Voltage = 10 
Virms), Re ja = 5°C/W. 


Step 1: Find VR(equiv). Read F = 0.65 from Table | -. 
VR (equiv) = (1.41)(10)(0.65) = 9.18 V 
Step 2: Find Tp from Figure 3. Read Ty = 113°C @ VR = 9.18 
& Resa = 5°C/W 
Step 3: Find Pe; ay) from Figure 4.** Read Peia~y) = 12.8 W 
1(PK) 
eo = 20 &lFiay) = 8A 
(AV) 
Step 4: Find Ta(max) from equation (3). Ta(max) = 113-(5) 
(12.8) = 49°C 


** Value given are for the 1N5828. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE | — VALUES FOR FACTOR F 


*Note that VR (pK) ~ 2 Vin(PK) 


FIGURE 1 ~- MAXIMUM REFERENCE TEMPERATURE — 1N5829 
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1N5831 AND MBR5831H, H1 
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Full Wave, Bridge 


RSs 6. Ge gu pag 


PE(AV), AVERAGE FORWARD POWER 


Full Wave, 
Center Tapped * t 


ne 


*tUse line to center tap voitage for Vin. 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 1N5830 
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1N5829, 1N5830, 1N5831, MBR5831H, H1 ~ 


_ FIGURE 5 — TYPICAL FORWARD VOLTAGE FIGURE 6 — MAXIMUM SURGE CAPABILITY 
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Prior to surge, the rectifier is operated such (1 
that Tj = 100°C; VARM may be applied 
between each cycle of surge 
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FIGURE 7 — CURRENT DERATING 


| de, CONTINUOUS | — 
(MAX Ing = 38.3 4) 
SINE WAVE, 
yee 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 


75 85 95 105 115 425 
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FIGURE 8 — THERMAL RESPONSE 
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0.1 
0.07 BEE ea a se tp i TIME PEAK POWER, Ppk, Is peak of an 
0.08 ae —— eal =. ae ee . hm — tp equivalent square power pulse. 
A TJC =Ppok * Rose (D+ (1-D) + r(ty + tp) + r(tp)—r(ty)] 
0.03 where 


AT Jc = the increase in junction temperature above the case temperature 


0.02F— r(t) = normalized value of transient thermal resistance at time, t, from Figure 8, i-e.: 
0.01 con r(t1 + tp) = normalized value of transient thermal resistance at time, t] + tp. 
0.05 0.1 20 60 100 200 500 10k 20k 5.0 k 


t, TIME(ms) 
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1N5829, 1N5830, 1N5831, MBR5831H, H1 


FIGURE 9 — NORMALIZED REVERSE CURRENT 


Ip, REVERSE CURRENT (NCRMALIZED) 


25 45 65 85 105 126 
Te. CASE TEMPERATURE (°C) 


FIGURE 11 — CAPACITANCE 
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FIGURE 10 — TYPICAL REVERSE CURRENT 
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MBR5831H, H1 — 
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Vr, REVERSE VOLTAGE (VOLTS) 


NOTE 2 — HIGH FREQUENCY OPERATION 


Since current flow ina Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 


ow 
o 
oS 


reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


C, CAPACITANCE (pF) 


0.040.06 0.1 02 0406 10 20 4060 10 20 40 


VR, REVERSE VOLTAGE (VOLTS) 


NOTE 3 — HI-REL PROGRAM OPTIONS 


PRODUCTION PROCESS: 
1. Raw Materiat 
2. Factory Processing 


INSPECTION LOT FORMATION 
AFTER FINAL ASSEMBLY 
OPERATION (SEALING) 


The 1N5831 is also available with two levels of extra testing 
similar to ‘TX’ screening and including Group A and B inspection 
programs. Both the MBR5831H and MBR5831H1 go through 
100% screening consisting of high temperature storage, temper- 
ature cycling, constant acceleration and hermetic seal testing 
prior to a sample being submitted to Group A and B inspection. 
After completion of Group B inspection, the MBR5831H is avail- 
able without additional screening. MBR5831H1 devices are 
further processed through a high temperature reverse bias 
(HTRB) and forward burn-in. Consult factory for details. 


100% PROCESS CONDITIONING 


1. High Temperature Storage 

2. Temperature Cycling 

3. Constant Acceleration 

4. Hermetic Seal (Fine and Gross) 


INSPECTION TESTS 
TO VERIFY LTPD: 
Group A 
Group B 
(Sample Tests) 


100% POWER CONDITIONING 
. Electrical Test 

. HTRB (160 Hrs Min) 

. Electrical Test (PDA = 10) 

. DC Forward Burn-in (24 Hrs Min) 
. Electrical Test (PDA = 10) 


MBR5831H HOLDING AREA: 
100% Group A Test 


aohRWN = 


PREPARATION 
FOR 


REVIEW OF 
GROUPS A&B DATA 
FOR ACCEPT OR REJECT 


MBR5831H1 PREPARATION 
HOLDING AREA: FOR 
100% Group A Test 


DELIVERY 


DELIVERY 


Accept. 
Data 


Accept 
Data 
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1N5832 


1N5833. (AM) MOTOROLA 
1N5834. 3 


oo Desi eners Data Sheet. 7 SCHOTTKY 
ee 7 : , BARRIER 


a RECTIFIERS 
HOT CARRIER POWER RECTIFIER 40 AMPERE 


. . . employing the Schottky Barrier principle in a large area metal-to-silicon power 20,30,40 VOLTS 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


© Extremely Low ve @ Low Power Loss/High Efficiency 
© Low Stored Charge, Majority @ High Surge Capacity 
‘Carrier Conduction 


Designer's Data for ‘’Worst Case” Conditions 


The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device char- 
acteristics — are given to facilitate ‘‘worst case’ design. 


*MAXIMUM RATINGS 


es Sc 
Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 


DC Blocking Voltage 


Rated Va (dc). PF(AV) = ©, 
Resa = 2.0°C/w 


Non-Repetitive Peak Surge Current 
(surge applied at rated !oad conditions| 
halfwave, single phase, 60 Hz) 


/4-28 UNF-2A 
TERM.2 


‘Operating and Storage Junction 
Temperature Range (Reverse 


NOTES: 
voltage applied) 1. DIM “P" IS DIA. 
. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 
. ANGULAR ORIENTATION AND CONTOUR OF 


| Peak Operating Junction Temperature 
| — (Forward Current Applied). 
TERMINAL ONE IS OPTIONAL. 


*THERMAL CHARACTERISTICS | | _ THREADS ARE PLATED. 


_ DIMENSIONING AND TOLERANCING PER 
0.360 0.370 
0.520 | 0.550 
0.980 1.080 


ANSI Y14.5, 1973. 
*Indicates JEDEC Registered Data. 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


Characteristic _ 


| Thermal Resistance, Junction to Case 


MILLIMETERS| INCHES | 
| A | 16.94 | 17.45 | 0. 


~ Maximum Instantaneous Forward 
Voltage (1) 
(ig = 10 Amp) 
(i¢ = 40 Amp) 
(ig = 125 Amp) 
Maximum Instantaneous Reverse 


Current @ rated dc Voltage {1) 
Tc= 100°C 


CASE 257-01 
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1N5832, 1N5833, 1N5834 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vaywm. Proper derating may be accomplished by use 
of equation (1): . 
TA(max) = TJ(max) — Resa PF(AV) — Resa PRiAV) 
where 
TA(max) = Maximum allowable ambient temperature 


(4) 


TJ(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 


PF(AV) = Average forward power dissipation 


PR(AV) = 
ReJc = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


Average reverse power dissipation 


TR = TJ(max) — Raga PR(AV) (2) 
Substituting equation (2) into equation (1) yields: 
TA(max) = TR — Rasa PF(aAv) (3) 


Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VR (equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for 1N5834 operated in a 12-Volt dc 
supply using a bridge circuit with capacitive filter such that Ipc = 
30 A (lecay)y =15A), l(pK)/l(ay) = 10, Input Voltage = 10 
Virms), Re ya = 3°C/W. 

Step 1: Find Vr(equiv). Read F = 0.65 from Table [ace 
VR(equiv) = (10)(1.41)(0.65) =9.18 V 

Find Tp from Figure 3. Read TR = 118°C @ Vp = 9.18 V 
& Raja = 3°C/w 

Find Peay) from Figure 4.TRead Pe( ay) = 20 W 


@F0- 10.8 Ipav)= 184 


I 
Find Ta(max) from equation (3). Ta(max) = 118-(3)(20) 
= 58°C 


Step 2: 


Step 3: 


Step 4: 


tValues given are for the 1N5834. Power is slightly lower for the 
other units because of their lower forward voltage. 


TABLE ! — VALUES FOR FACTOR F 


Circuit | Halt Wave Wave 
Load 


beam eal Capacitive (1) 
Seviee [os [3 
[Sausre Wave | 075 [18 


(1) Note that VR(pK) © 2 Vin(PK) 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — 1N5832 
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FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE — 1N5834 
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FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — 
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(2)Use line to center tap voltage for Vin. 


1N5833 
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FIGURE 4 — FORWARD POWER DISSIPATION 
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1N5832, 1N5833, 1N5834 


r(t), TRANSIENT THERMAL RESISTANCE 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 


(NORMALIZED) 


FIGURE 5 — TYPICAL FORWARD VOLTAGE FIGURE 6 — MAXIMUM SURGE CAPABILITY 
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FIGURE 8 — THERMAL RESPONSE 
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CO cl ae r(t) = normalized value of transient thermal resistance at time, t, from Figure 8, i.e.: i 
r(ty + tp) = normalized value of transient thermal resistance at time, t] + tp. 


ae ee a Se 
a01 Ae 
0.1 20 100 200 500 1.0k 2.0k 5.0k 10k 


t, TIME hae 


3-86 


1N5832, 1N5833, 1N5834 


FIGURE 9 — NORMALIZED REVERSE CURRENT FIGURE 10 — TYPICAL REVERSE CURRENT 
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Tc, CASE TEMPERATURE (°C) VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 11 — CAPACITANCE 


waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
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ne tin Se |_| NOTE 2: HIGH FREQUENCY OPERATION 
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ane PSN im Since current flow ina Schottky rectifier is the result of majority 
Sik i= carrier conduction, it is not subject to junction diode forward and 
+ 3000 HS J reverse recovery transients due to minority carrier injection and 
Ww ‘@ stored charge. Satisfactory circuit analysis work may be performed 
= 2000 by using a model consisting of an ideal diode in parallel with a 
S 1500 ea | variable capacitance. (See Figure 11). 
< Rectification efficiency measurements show that operation will 
< be satisfactory up to several megahertz. For example, relative 
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0040.06 0.1 0. 0406 10 2. 4.0 6.0 10 2 40 power loss; it is simply a result of reverse current flow through the 
Vr, REVERSE VOLTAGE (VOLTS) diode capacitance, which lowers the dc output voltage. 
MECHANICAL CHARACTERISTICS 
NOTE 3: SOLDER HEAT 

CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant The excellent heat transfer property of the heavy duty copper 

and terminal lead is readily solderable. anode terminal which transmits heat away from the die requires 

: that caution be used when attaching wires. Motorola suggests a 

POLARITY: COMmode: to One heat sink be clamped between the eyelet and the body during any 
MOUNTING POSITION: Any soldering operation. 


STUD TORQUE: 25 in. Ib. Max 
SOLDER HEAT: See Note 3 
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1N6095 


1NG096_ MOTOROLA 
SD41 


SCHOTTKY BARRIER 


| . RECTIFIERS 
SWITCHMODE POWER RECTIFIERS 


25 and 30 AMPERES 


... using the Schottky Barrier principle with a platinum barrier metal. 30 to 45 VOLTS 


These state-of-the-art devices have the following features: 


@ Guardring for Stress Protection 

@ Low Forward Voltage 

@ 150°C Operating Junction Temperature Capability 
@ Guaranteed Reverse Avalanche 


MAXIMUM RATINGS 


CASE 56 


Peak Repetitive Reverse Voitage VRRM 
Working Peak Reverse Voitage VRWM Volts 
DC Blocking Voltage VR 
25 25 30 Amps 
Tc = 70°C Tc = 70°C Tc = 105°C 
Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) See Figure 10. (1) 


Average Rectified Forward Current 
(Rated Vp) 
Operating and Storage Junction Temperature Range Ty. Tstg -65 to+125 | -65to+125 | -55 to + 150°C 


-Nonrepetitive Peak Surge Current 


(Surge applied at rated load conditions 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Vqlitage (2) 
(ip = 30 Amp, Tc = 125°C) 


Volts 
(ig = 78.5 Amp, Tc = 70°C) 0.86 0.86 | 
1 Maximum Instantaneous Reverse Current (2) 
(Rated dc Voltage, Tc = 125°C) 


Capacitance 
(100 kHz > f > 1.0 MHz) 


*indicates JEDEC Registered Data. 
(1) Not JEDEC requirement, but a Motorola product capability. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% | 
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1N6095, 1N6096, SD41 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE FIGURE 2 — MAXIMUM REVERSE CURRENT 
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FIGURE 3 — MAXIMUM SURGE CAPABILITY 


Ty = 125°C, Varn may be 
applied between each 
cycle of surge. 
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FIGURE 4 — CAPACITANCE 
Since cu bee ‘ enities pena waiiet of majority oe ee ee 
carrier conduction, it is not subject to junction diode forward and 2000 |e FL oe i ee 


reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 


C, CAPACITANCE (pF) 
co 
S 


0.28 at this frequency, whereas perfect rectification would yield 600 
0.406 for sine wave inputs. However, in contrast to ordinary pil 
junction diodes, the loss in waveform efficieny is not indicative of “ag 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voitage. | 300 


vee ae ee are 


3-89 


1N6095, 1N6096, SD41 


FIGURE 6 — 1N6095/6 CURRENT DERATING 


FIGURE 5 — SD41 CURRENT DERATING | 
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FIGURE 7 — FORWARD POWER DISSIPATION 


(SLIVM) NOLLWdISSIO H3MOd GHYYMYOd JDWHaAY ‘WAV)dy 


FIGURE 8 — THERMAL RESPONSE 


Peak Power, Pox. is peak of an 
equivalent square power pulse. 


Duty Cycle, D = 
normalized value of transient 


thermal resistance at time ty + tp. 


TIME 


the increase in junction temperature above the case temperature. 


normalized value of transient thermal resistance at time, t, 
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1N6095, 1N6096, SD41 


FIGURE 9 — SCHOTTKY RECTIFIER 


Hole Dia=.073 


Glass Seal 


038 Copper 
Steel 


Copper Base VIEW A-A 


Motorola builds quality and reliability into its Schottky Recti- 
fiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not required. 
The guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead is also stress-reliefed. 


FIGURE 10 — TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 


+ 150 V. 10 mAdc 
2.0kN 


Vcc 12Vdc 


2N2222 


Current 
Amplitude 
Adjust 
0-10 Amps 


2N6277 


Carbon 
1.0 Carbon 


1N5817 


‘Copper Lead 


Moly Disk 


Barrier Metal 


Oxide Passivation 


Moly Disk 


VIEW A-A 


Guardring 


These two features give the unit the capability of passing 
stringent thermal fatigue tests for 5,000 cycles. The top copper 
lead provides a low resistance to current and therefore does not 
contribute to device heating; a heat sink should be used when 
attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in “sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/us 
and reverse avalanche. 


SEATING 
PLANE 


STYLE 2: 
TERM 1. ANODE 
2. CATHODE 


iN INCHES | 
| MIN | MAX | MIN | MAX. | 


| A | 1194 | 12.83 | 0.470] 0.505, 
Pe for Piste) oaze | 9457 
| 10.29 | — | 0.405 | 


ee eS 

| St | 4.45 | 0.075 | 0.175 | 
1.52/| — | 0.060/ —- | 
10.72 | 11.51 | 0.422] 0.453 | 
| =f 20.32f | 0.800 
pare a0 ree 188 
ra [ 1s2[ —- | 0080[ — | 
LRT = [10777 — | 0.424 | 


CASE 56 
DO-4 
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-1N6097 
1N6098 


(MOTOROLA 


$D51 


SWITCHMODE POWER RECTIFIERS SCHOTTKY BARRIER 


. using a platinum barrier metal in a large area metal-to-silicon RECTIFIERS 
power diode. State-of-the-art geometry features epitaxial construc- 
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free- 
wheeling diodes, and polarity-protection diodes. 


@ Guaranteed Reverse Avaianche 

@ Extremely Low ve 

@ Low Stored Charge, Majority Carrier Conduction 
® Guardring for Stress Protection 


KG Ff = CASE 257 
@ Low Power Loss/High Efficiency | DO-5 


60 AMPERES 
20 to 45 VOLTS 


® 150°C Operating Junction Temperature Capability 
@ High Surge Capacity 


MAXIMUM RATINGS 


Rating Symbol 1N6097* 1N6098* Ee cee ee 


| Peak Repetitive Reverse Voltage VRRM Voits 
| Working Peak Reverse Voltage VRwM 
DC Blocking Voltage . VR 


| Peak Repetitive Forward Current i-FRM ~ ie Amps 

(Rated Vp, Square Wave, 20 kHz) 

Average Rectified Forward Current 
(Rated Vp) 


a casetnenenemian 


ane meen nermerrthe/ tn eemanianriteswipternn eit cee Uneaten ee mn entree RT henna A 


| Case Temperature 
(Rated Vp) 


| Nonrepetitive Peak Surge Current 
| (Surge applied at rated load conditions 
halfwave, single phase, 60 Hz} 


| Peak Repetitive Reverse Surge Current (2) 
{2.0 ys, 1.0 kHz) See Figure 1 10. 


Operating Junction Temperature Range 
(Reverse Voltage Applied) 


Storage Temperature Range 


Voltage Rate of Change 
| (Rated Vp) 


seems emia nee eri Mannan hens ERGY NAAR AOC mre tememene ian 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | symbot_[1NeoS7* 
Maximum instantaneous Forward Voltage (2) / VE A 
{ip = 157 Amp, Tc = 70°C) 

{iz = 60 Amp) 
(ig = 60 Amp, Tc = 125°C) 
(ig = 120 Amp, Tc = 125°C) 


| Maximum instantaneous Reverse Current (2) 
(Rated Voltage, Tc = 125°C) 
| (Rated Voltage, Tc = 25°C) 


(Rated Voltage, Tc = 115°C) 


Maximum Capacitance Cy 7000 
(100 kHz < f < 1.0 MHz) Va = 1.0 Vde “Vas 1.0 Vée 


4000 
VR = 5.0 Vde 
*indicates JEDEC Registered Data. 


{1) Not a JEDEC requirement, but of Motorcla product capability. 
(2) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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1N6097, 1N6098, SD51 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE FIGURE 2 — MAXIMUM REVERSE CURRENT 
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NUMBER OF CYCLES 


FIGURE 4 — CAPACITANCE 


NOTE 1 
HIGH FREQUENCY OPERATION 


Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, itis not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the !oad is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the dc output voltage. .05 


C, CAPACITANCE (pF) 


0 20 30 .50 70 10 
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1N6097, 1N6098, SD51 


FIGURE 6 — CURRENT DERATING 


FIGURE 5 — CURRENT DERATING 
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FIGURE 7 — POWER DISSIPATION 


from 


equivalent square power pulse. 


PEAK POWER, Pp, is peak of an 
resistance at time, t, 


DUTY CYCLE, D = ty/ty 
p) ~ r(ty)] where 


)+rit 


p 


uw 
= 
ran 


P pk 
a Tc +AT JC 
where AT¢ is the increase in junction temperature above the case 
temperature. It may be determined by: 


Ty 


K°RG yclO + (1— Djer(t, +t 


pi 


normalized value of transient thermal 


ce =P 


ATy¢ 
r(t) 
Figure 8, i.e 


The temperature of the case should be measured using a thermocouple 


placed on the case. The thermai mass connected to the case is normally large 
enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state conditions are 
achieved. Using the measured value of Tc, the junction temperature may be 


situation, the following procedure is recommended: 
determined by: 


quare Wave 
0% Duty Cycle 


a {Resistive Load) 
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normalized value of transient thermal resistance at time t; + tp: 


r(ty + ty) 


~— Ig(ay, AVERAGE FORWARD CURRENT (AMPS) 


FIGURE 8 — THERMAL RESPONSE 
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1N6097, 1N6098, SD51 


FIGURE 9 — SCHOTTKY RECTIFIER 
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Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 


FIGURE 10 — TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 


+ 150 V. 10 mAdc 


2.0kN 


Vcc 12Vdce 


12V 400 
| | 2N2222 
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1.0kHz 
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Adjust 
0-10 Amps 


2N6277 
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1N5817 
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Moly Disk 


Guardring 


Copper Lead 


Moly Disk 


Barrier Metal 


Oxide Passivation 


VIEW A-A 


feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘‘sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/yus 
and reverse avalanche. 


1. DIM “P" 1S DIA. 

2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 

3. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 

4. THREADS ARE PLATED. 

5. DIMENSIONING AND TOLERANCING PER 
ANSI! Y14.5, 1973. 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfacés corrosion resistant 
and terminal lead is readily solderable. 


POLARITY: Cathode-to-Case 
MOUNTING POSITION: Any 
‘STUD TORQUE: 25 in.-ib Max 


SOLDER HEAT: The excellent heat transfer prop- 
erty of the heavy duty copper anode terminal which 
transmits heat away from the die requires that 
caution be used when attaching wires. Motorola 
suggests a heat sink be clamped between the eye- 
let and the body during any soldering operation. 


CASE 257-01 
(DO-5) 


MBRO30 
MBRO40 


MOTOROLA 


SCHOTTKY 


! RECTIFIERS 
| SWITCHMODE RECTIFIERS | 


0.5 AMPERE 
30-40 VOLTS 


. designed for use in switching power supplies, inverters, and 
as free wheeling diodes, these devices have the following features: | 


@ Low Forward Voitage 


@ Low Leakage Current 


e DO-204AH (DO-35) Glass Package 


MAXIMUM RATINGS 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF 8. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 

4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


MILLIMETERS S| INCHES | 
[MAX | MIN [ MAX | 

ane 5.08 | 0.120 | 0.200 | 
|B | 1.52 | 2.29 0.090 | 
(Co [046 [056 [0.018 | 0.022 | 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
(Rated Vr) 
TL = 75°C, L = 3%" . 
Ta = 50°C, L = ¥%’, (Mt. Method #1) 
Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Operating Junction and Storage | Ty. Tstg —65 to +150 
| Temperature . 
THERMAL CHARACT ERISTICS 


eae pamaeae CSE 
See 


ELECTRICAL CHARACTERISTICS 
| Reverse Current 
This document contains information on a new product. Specifications and information herein 


__ Characteristic [_Symbot [tye | Max | Unit 
(Rated dc Voltage, Ty = 125°C) WEIGHT: 0.2 Gram (approximately). 
are subject to change without notice. 


All JEDEC dimensions and notes apply. 
‘CASE 299-02 
.DO-204AH (DO-35) 


MECHANICAL CHARACTERISTICS 


CASE: Glass 


FINISH: External leads are plated and are 
readily solderable 


POLARITY: Cathod indicated by polarity band. 


| Instantaneous Foward Voltage (1) Volts 
. 0.460 | 0.500 
0.610 | 0.650 
(Rated de Voltage, Ty = 25°C)” MAXIMUM LEAD TEMPERATURE FOR SOLD- 


(ip = 0.1A, Ty = 25°C) 
(ig = 0.5 A, Ty = 25°C) 

(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0%. . ad. ERING PURPOSES: 230°C, ¥%" from case for 10: 

Switchmode is a trademark of Motorola Inc. seconds. 
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MBRO030, MBR040 


FIGURE 2 — CURRENT DERATING, PRINTED 


CIRCUIT BOARD MOUNTING 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING, LEAD TEMPERATURE 


TYPICAL CAPACITANCE 


FIGURE 3 — 
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FIGURE 5 — FORWARD POWER DISSIPATION 


mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 


v, 


NEN EERE 
PN ANE 
STE 


= 3/8 


P.C. Board with 
L 


1-1/2" x 1-1/2” copper surtace 


TYPICAL VALUES FOR 6), IN STILL AIR 
MOUNTING METHOG 3 


MOUNTING METHOD 1 
MOUNTING METHOD 2 


SUNGGEE 


= 20 
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AV 
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Ig(av), AVERAGE FORWARD CURRENT (AMPS) 


Board Ground 


Vector pin mounting 
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(M\) MOTOROLA 


MBR320M MBR330M 
MBR340M 


SCHOTTKY 


HOT CARRIER POWER RECTIFIERS 


. employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art- geometry features epitaxial construction with oxide passiva- 
tion and meta! overlap contact. Ideally suited for use as rectifiers in low-voltage, 


high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


BARRIER 
@ Extremely Low ve @ Low Power Loss/High Efficiency 
RECTIFIERS ® ‘Low Stored Charge, Majority @ High Surge Capacity 
3 AMPERE Carrier Conduction 
20, 30, 40 VOLTS 


MAXIMUM RATINGS 


a a Od CoE 


Peak Repetitive Reverse Voltage 1 VRRM 
Working Peak Reverse Voltage 
DC Blocking Voltage VR 


Non- Repetitive Peak Reverse Voltage 


‘Average Rectified Forward Current 
Vr (equiv) < 0.2 VR (de), To = 65°C | 
VR(equiv)< 0.2 VANde), TL = 90°C 
(Rg jaz 25°C/W, P.C. Board 
Mounting, See Note 3) 


Ambient Temperature 
Rated V_ (dc), Pr(ay) = 0 
Roja = 25°C/w 


Non-Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase 60 Hz) 


—é—— 500 (for 1 cycle) —— 


Operating and Storage Junction | —— ~65 to +125 ———» 
Temperature Range (Reverse 


Voltage applied) 


Peak Operating Junction Temperature 
(Forward Current Applied) 


THERMAL CHARACTERISTICS 


Characteristic 


. Thermal Resistance, Junction to Case 


Characteristic 


Maximum Instantaneous Forward 
Voltage (1) 
(ig = 5.0 Amp) 


Maximum Instantaneous Reverse 
Current @ rated de Voltage (1) 
u = 25°C 

= 100°C 


(1) i Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed construction. 


FINISH: All external surfaces corrosion-resistant 


and the terminal leads are readily 
solderable. 


_ POLARITY: Cathode to case. 
MOUNTING POSITIONS: Any 
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MBR320M, MBR330M, MBR340M 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 


above 0.1 Vawm. Proper derating may be accomplished by use . 


of equation (1): 


TA(max) * Ti(max) — Raga PF(AV) — RaJAPR(AV) — (1) 
where 
TA(max) = Maximum allowable ambient temperature © 
TJ(max) = Maximum allowable junction temperature 
(125°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest). 


PE(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
Re JA = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


TR = Ty(max) — ResaPRiav) (2) 
Substituting equation (2) into equation (1) yields: 
Ta(max) = TR ~ Roya PF(AV) (3) 


Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table | indicates sug 


_ gested factors for an equivalent dc voltage to use for conservative 


design; i.e.: 


VR(equiv) = VIN(PK) * F (4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for MBR340M operated in a 12-Volt de 
supply using a bridge circuit with capacitive filter such that Ipc = 


10 A (le(ay) = 5 Al, '(PK)/I(AV) = 10, Input Voltage = 10 


Virms), Rg ya = 10°C/W 


Step 1: Find VR(equiv). Read F = 0.65 from Table | .. 
VR(equiv) = (1.41)(10)(0.65) = 9.2 V 

Step 2: Find TR from Figure 3. Read TR = 117°C @ VR = 
9.2 V & Raya = 10°C/W. 

Step 3: Find Pe(ay) from Figure4. Read Pe(~y) =6.3W 


| 
@ PK 10 & lFiayy = 5A 
AV) ) 
Step 4: Find TA(max) from equation (3). Ta(max) = 117-(10) 
(6.3) = 54°C. 


TABLE | — VALUES FOR FACTOR F 


(1)Note that Va(pK)*2 Vin(pK): 


FIGURE 1— MAXIMUM REFERENCE TEMPERATURE — MBR320M 
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FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE — MBR340M 


TR, REFERENCE TEMPERATURE (°C) 


40 5.0 7.0 10 15 20 30 40 


VR, REVERSE VOLTAGE (VOLTS) 


ae . Full Wave, 


Sine Wave 0.5 1.3 0.5 0.65 
Square Wave 0.75 1.5 0.75 0.75 


(2)Use line to center tap voltage for Vin. 


1.3 
15 


FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — MBR330M 


125 gm ==: 
2 115 = 
= <a 
> 105 nS 
& aS 
wi NS 
a 95 : 
cs we 
- aN 
© 85 aN 
=a a ee S¥. 
= {11 ay 
ra Can y 
pp a a 
Ca a a 
siL_| | | {| | {| 
3.0 40 5.0 7.0 10 15 20 30 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — FORWARD POWER DISSIPATION 
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lF(AV), AVERAGE FORWARD CURRENT (AMP) 
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MBR320M, MBR330M, MBR340M — 


THERMAL CHARACTERISTICS 
FIGURE 5 — THERMAL RESPONSE 


10 Gn ne OO 2 6 Se oe Ge 5 aes 4 5 oes SO SD SO 

‘a 0.7 22 1S i Se ES aes DS RD ae ae Td 
Px) a WSO eee ee eee ee sr a — aa i See ee 
2 0.5 BBE eee ee LT het |__| _] Oe ee ee es 
< a BBrli tet et eee ee a | as 1 as Se A es 
2 43 PSE eae ee ee eos beetle ie dM IA cn he ee Pe 
td = 
ae Ae ee ee ae { Zoscm=Rosc et) | TTT | | tT | 
zu. BGS cael ie ae 2a i ee ee ee 
os 04 alli ae pk Pok DUTY CYCLE, D = tp/ty 
- & 07) tthe p 7 PEAK POWER, Ppk, is peak of an 
ro 0. en ea A 8 os NS TIME ; 

| = = 0.05 Za ry Titty] ~ ig] - equivalent square power pulse. 

| = con = EEE 
(7p) 4 - 7 _ . _ 
< 0.03 a ERLiae wi Pok * Rise (D +(1-D) + e(ty + tp) + eltp)—r(ty)] 

[oad . c 

| im 0.02 he ee aes ai 3 Tye = the increase injunction temperature above the case temperature - 
= ay |_| Piette TE r(t) = normalized value of transient thermal resistance at time, t, from Figure 5, i.e.: 

0.01 Likes | Pe iy ls coe ae altate Glee (tz + ty) = normalized value of transient thermal resistance at time, ty + tp. 
0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0k 2.0k 5.0k 10 k 20 k 50k 
t, TIME (ms) 
NOTE 2 — FINDING JUNCTION TEMPERATURE NOTE 3 — MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient 
(R@JA) for the mountings shown is to be used as typical 
guideline values for preliminary engineering. 
DUTY CYCLE, D = tp/ty 


PEAK POWER, Ppk, 1s peak of an TYPICAL VALUES FOR Rgya INSTILL AIR 


£ equivalent square power pulse. 


TIM LEAD LENGTH, L(IN)] . 
To determine maximum junction temperature of the diode in a given situation, me too cas 


the following procedure is recommended: ee ee SC/ 
The temperature of the case should be measured using a thermocouple placed | 6s | 0 


op the case at the temperature reference point (see Note 3). The thermal mass : See ee 
connected to the case is normally large enough so that it will not significantly 3 
respond to heat surges generated in the diode as a resutt of pulsed operation once 


steady-state conditionsare achieved. Using the measured value of Tc, the junction -| MOUNTING METHOD 1 MOUNTING METHOD 3 


temperature may be determined by: es Ley ee = P. C. Board with 
Ty2 Te +4 TIC . 2 1/2" x 2 1/2" copper surface 
where 4 Tyc is the increase in junction temperature above the case temperature. 
It may be determined by: . 
. AT Jc =Ppk “Rese [D + (1 - D) «rity + tp) + e(tp) —r(ta)] 
where — 
r(t) = normalized value of transient thermal resistance at time, t, from Figure 
§ i.e.: 


L = 5/8” 


r (t1 + tp) = normalized value of transient thermal resistance at time t;+ tp. 


[7 kee Ee 
Board Ground 
Vector pin mounting Plane 


| FIGURE 6 — APPROXIMATE THERMAL CIRCUIT MODEL 


ROCA 
| 70°C/w 
' % 
R@LA R@JA Resc 

Rasa 40°C/W/IN 25°C/W 2°C/w 
| RecL Rg@L_k R@sk 
a 0.5°C/w 40°C/W/IN 
| —TAA TLA _ TS Ss fro TAK TA. 

Use of the above model permits calculation of average TEMPERATURES THERMAL RESISTANCES 
junction temperature for any mounting situation. Lowest Ta = Ambient Raca = Case to Ambient 


values’ of thermal resistance will occur when the cathode 
lead is brought as close as possitie to a heat dissipator; as 
heat conduction through the unode lead is small. Terms 


TaA = Anode Heat Sink Ambient Rasa = Anode Lead Heat Sink to Ambient 
Tak = Cathode Heat Sink Ambient Rag, = Cathode Lead Heat Sink to Ambient 


: ; ; TLA = Anode Lead Rea = Anode Lead © 
in the model are defined as follows: Ti = Cathode Lead Rg LK = Cathode Lead 
*Case temperature reference Ty = Junction Rect = Case to Cathode Lead 


is at cathode end. Resc = Junction to Case 


Rega = Junction to anegs Lead (S bend) 
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MBR320M, MBR330M, MBR340M 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 
S 


C, CAPACITANCE (pF) 


FIGURE 7 — TYPICAL FORWARD VOLTAGE 
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FIGURE 10 — CAPACITANCE 
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IFSM, PEAK HALF-WAVE CURRENT (AMP) 
té) 


FIGURE 8 — MAXIMUM SURGE CAPABILITY 


that Ty = 100°C; Va RM may be applied be- 
tween each cycle of surge. 
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FIGURE 9 — TYPICAL REVERSE CURRENT 
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NOTE 4 — HIGH FREQUENCY OPERATION 


Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 10). 


Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield | 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


(AA) MOTOROLA 


| MBR735 MBR745 


SWITCHMODE POWER RECTIFIERS 


... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 


@ Guardring for Stress Protection 


@ Low Forward Voltage 


SCHOTTKY BARRIER 
RECTIFIERS 


@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 
@ Epoxy Meets UL94, VO at 1/8” 


7.5 AMPERES 
35 and 45 VOLTS 


["woronota [et | _uwitnove _—[~—vano 
[mena | se6s0 | _usoeas. usovas [| 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 45 


DC Blocking Voltage 


Average Rectified Forward Current (Rated Vp) | 7.5 
Tc = 105°C 7 


CASE 2218-02 
TO-220AC 


Peak Repetitive Forward Current 
(Rated Vp, Square Wave, 20 kHz) Tc = 105°C 


Nonrepetitive Peak Surge Current ; 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 


Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) 


-~65 to +150 -65 to +150 


-65 to +175 -65 to +175 


THERMAL CHARACTERISTICS 
Maximum Thermal Resistance, Junction to Case. 


Maximum Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS 


| Maximum Instantaneous Forward Voltage (1) 
(ip = 7.5 Amp, Tc = 125°C) 
(ip = 15 Amp, Tc = 125°C) 
(ig = 15 Amp, Tc = 25°C) 


Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) 


i (1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 


MBR735, MBR745 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING, AMBIENT 


FIGURE 3 — CURRENT DERATING, CASE 
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CASE 221B-01 


2. NiA 
3 ANODE 
4. CATHODE 


PINT CATHODE 


STYLE 1 


POLARITY: CATHODE-TO-CASE 
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FIGURE 5 — POWER DISSIPATION 
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MBR1035 


MBR1045 | | Bp) MOTOROLA 


SCHOTTKY BARRIER 
RECTIFIERS 


SWITCHMODE POWER RECTIFIERS 


10 AMPERES 


.. using the Schottky Barrier principle with a platinum barrier metal. 20 to 45 VOLTS 


These state-of-the-art devices have the following features: 


@ Guardring for Stress Protection 

@ Low Forward Voltage 

@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 


@ Epoxy Meets UL94, VO at 1/8” 


CASE 221B-01 
TO-220AC 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage aA Volts 
DC Blocking Voltage 
Average Rectified Forward Current (Rated Vp) IF(AV) Amps 
Tc = 135°C 
Peak Repetitive Forward Current lcFRM 20 . 20 Amps 
(Rated Vp, Square Wave, 20 kHz) Tc = 135°C 
Nonrepetitive Peak Surge Current lFSM Amps 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 
Peak Repetitive Reverse Surge Current Amps 
(2.0 us, 1.0 kHz) See Figure 12 
| Operating Junction Temperature = | Operating Junction Temperature = Temperature ~65 to+ 150 © -65 to+ 150 fee =| 


Storage Temperature --65 to +175 -65 to +175 Ee eG 4 


| THERMAL CHARACTERISTICS 


Characteristic _ MBR1035 | MBR1045. | Unit | 


Maximum Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


Characteristic | Symbol | MBR1035 | MBR1045 | Unit | 


Maximum Instantaneous Forward Voltage (1) 
(ig = 10 A, Tce = 125°C) 
(ip = 20 A, Te = 125°C) 
(ip = 20 A, Te = 25°C) 


Maximum Instantaneous Reverse Current (1) 
(Rated de Voltage, Tc = 125°C) 
_ (Rated dc Voltage, Tc = 25°C) 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0% 
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MBR1035, MBR1045 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE FIGURE 2 —TYPICAL FORWARD VOLTAGE 
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FIGURE 3 — MAXIMUM REVERSE CURRENT 
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NUMBER OF CYCLES AT 60 Hz 


MBR1020, MBR1035, MBR1045 


16° C/W 


FIGURE 6 — CURRENT DERATING, Roja 


FIGURE 5 — CURRENT DERATING, INFINITE HEATSINK 


Rated Voltage Applied 
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FIGURE 8 — CURRENT DERATING, FREE AIR 
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FIGURE 7 — FORWARD POWER DISSIPATION 
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FIGURE 9 — THERMAL RESPONSE 
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MBR1020, MBR1035, MBR1045 


HIGH FREQUENCY OPERATION 


Since current flowin a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 10.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


FIGURE 11 — SCHOTTKY RECTIFIER 
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FIGURE 10 — CAPACITANCE 
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Motorola builds quality and reliability into its Schottky 
Rectifiers. 

First is the chip, which has an interface metal between the 
barrier metal and aluminum-contact metal to eliminate any 
possible interaction between the two. The indicated guardring 
prevents dv/dt problems, so snubbers are not mandatory. The 
guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. The Schottky chip is bonded to the 
copper heat sink using a specially formulated solder. This gives 
the unit the capability of passing 10,000 operating thermal- 
fatigue cycles having a ATy of 100°C. The epoxy molding 
compound is rated per UL 94, VO @ 1/8”. Wire bonds are 100% 
tested in assembly as they are made. 

Third is the electrical testing, which includes 100% dv/dt at 
1600 V/us and reverse avalanche as part of device 
characterization. 


FIGURE 12 — TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 
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OUTLINE DIMENSIONS 


STYLE 1: 
PIN 1. CATHODE 
2. N/A 
3. ANODE 
4.“CATHODE 


ai 


CASE 221B-01 
TO-220AC 


MBR1520 
MBR1530 


MOTOROLA 


MBR1540 


| 7 HOT CARRIER POWER RECTIFIER SCHOTTKY 


| BARRIER 
| | ... employing the Schottky Barrier principle in a large area metal- | RECTIFIERS 


to-silicon power diode. State of the art geometry features epitaxial 

po | construction with oxide passivation and metal overlap contact. Ideal- 15 AMPERE 

| ly suited for use as rectifiers in low-voltage, high-frequency inverters, 20,30,40 VOLTS 
free wheeling diodes, and polarity protection diodes. 


® Extremely Low ve 

@ Low Stored Charge, Majority Carrier Conduction 
@ Low Power Loss/High Efficiency 

e 


High Surge Capacity 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Ambient Temperature 
Rated VR(dc). PE(AV) = 
Raja = 5-0°C/wW 
Non-Repetitive Peak Surge Current 
(surge applied at rated load condi- 
tions, halfwave, single phase, 60 Hz) 


TERM 1. ANODE 
2. CATHODE 


Operating and Storage Junction 
Temperature Range (Reverse Fenner 
voltage applied) Pa for ito osze 0437] 

el | ee eae 

LE) tat as oars 075 | 0.175) 


Characteristic 


Ail JEDEC dimensions and notes apply 
CASE 56 
D0-4 


Thermal Resistance, Junction to Case 


Characteristic 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion resistant 
and terminal lead is readily solderable. 


POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
STUD TORQUE: 15 in. Ib. max 


Maximum Instantaneous Forward 
Voltage (1) 
(ig = 15 Amp) 


Maximum Instantaneous Reverse 
Current @ rated dc Voitage (1) 
Te = 100°C 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MBR1520, MBR1530, MBR1540 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vaywm. Proper derating may be accomplished by use 
of equation (1): 
TAimax) = TJ(max) ~ Resa PF(AV) — RegaPRiav) — (1) 
where 
TA(max) = Maximum allowable ambient temperature 


Ty(max) = Maximum allowable junction temperature (125°C 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 


Pe (Av) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
Roya = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


TR = Ty(max) — Resa PRIAV) (2) 
Substituting equation (2) into equation (1) yields: 
TaA(max) = TR — Resa PF(Av) (3) 


Inspection of equations (2) and (3) reveals that TR is the ambient. 
temperature at which thermal runaway occurs or where Ty = 125°, 
when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 


TABLE | —- VALUES 


3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Tabie | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VRiequiv) = Vin(PK) * F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for MBR1540 operated in a 12-Voit dc 
supply using a bridge circuit with capacitive filter such that Ipc = 
10 A (legay) = 5 A), lWPK)/l(ay) = 20, Input Voltage = 10 
Virms), Re ja = 5°C/W. 
Step 1: Find VR(equiv). Read F = 0.65 from Table | .. 
VR (equiv) = (1.41)(10)(0.65) = 9.18 V 
Step 2: Find Tp from Figure 3. Read Ty = 121°C @ V_ =9.18 
& Roya = 5°C/W 
Step 3: pis PE(AV) from Figure 4. Read Priay) = 10.5 W 
(PK) 
ay 20 & IF(Ay) 


Step 4: Find Ta(max) from equation (3). Ta(max) = 121-(5) 
(10.5). = 68.5°C). 


FOR FACTOR F 


Full Wave, 
Full Wave, Bridge Center Tepredtite) 


Capacitive(1)| Resistive’ 


(1) Note that VR(pK) © 2 Vin(PK) 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE — MBR1520 FIGURE 2 —- MAXIMUM REFERENCE TEMPERATURE — MBR1530 
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FIGURE 3 — MAXIMUM REFERENCE TEMPERATURE — MBR1540 
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FIGURE 4 —~ FORWARD POWER DISSIPATION 
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MBR1520, MBR1530, MBR1540 


| FIGURE 5 — TYPICAL FORWARD VOLTAGE FIGURE 6 — MAXIMUM SURGE CAPABILITY 
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FIGURE 7 — CURRENT DERATING 
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FIGURE 8 — THERMAL RESPONSE 
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MBR1520, MBR1530, MBR1540 


FIGURE 9 — NORMALIZED REVERSE CURRENT FIGURE 10 — TYPICAL REVERSE CURRENT 
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FIGURE 11 — CAPACITANCE 


NOTE 2 — HIGH FREQUENCY OPERATION 


Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
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by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR1535CT 


MBR1545CT (AA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 


@ Center-Tap Configuration 


SCHOTTKY BARRIER 
RECTIFIERS 


15 AMPERES 


5 
@ Guardring for Stress Protection 35 and 45 VOLTS 


@ Low Forward Voltage 

@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 

@ Epoxy Meets UL94, VO at 1/8” 


CROSS-REFERENCE GUIDE > 


["woroROLA [i] 18 | _UNTRODE | VARO_ 
[~manissscr | seves0 | 2cTo0ss | usosasc, uso7s5¢_| vsKis 
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MAXIMUM RATINGS 


Symbot_[ M@RTS95CT_[ MBRIS¢scT [Unit | 
Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 35 45 
VR . 
Average Rectified Forward Current Per Diode IF(AV) TS 7.5 Amps 
Tc = 105°C (Rated Vp») Per Device “16 15 
Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 
Operating Junction Temperature -65 to +150 -65 to +150 | 
-65 to +175 -65 to +175 


CASE 221A-02 
TO-220AB 


. 


DC Blocking Voltage 
Peak Repetitive Forward Current, Tc = 105°C 
(Rated Vp, Square Wave, 20 kHz) Per Diode 
lFSM Amps 
single phase, 60 Hz) 
Peak Repetitive Reverse Surge Current 1.0 
(2.0 us, 1.0 kHz) 


THERMAL CHARACTERISTICS PER DIODE 


Maximum Thermal Resistance, Junction to Case . le ee ee ee 


Maximum Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS PER DIODE 


Maximum Instantaneous Forward Voltage (1) 
(if = 7.5 Amp, Tc = 125°C) 
(ig = 15 Amp, Tc = 125°C) 
(ip = 15 Amp, Tc = 25°C) 


Maximum Instantaneous Reverse Current (1) 
(Rated de Voltage, Tc = 125°C) 
(Rated de Voltage, Tc = 25°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
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MBR1535CT, MBR1545CT 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 3 — CURRENT DERATING, CASE 


FIGURE 4 — CURRENT DERATING, AMBIENT 


60°C/W 


a =] 
@ 
a 
a 
<I 
@ 
> 
fae] 
= 
oO 
> 
=] 
@ 
os 
3°) 
oc 


ee - - > | 


3.0°C/W 


Rated Voltage Applied 
ReJC 


a ~~ i >| 


(SdWV) LNJHHND GHYMHOd I9VuaAY IAV)4) 


Ty, AMBIENT TEMPERATURE (°C) 


Tc, CASE TEMPERATURE (°C) 
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3. ANODE 
4. CATHODE 


PIN 1. ANODE 


STYLE 6 


12.70 


K 
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3. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5 1973. 
4. CONTROLLING DIMENSION: INCH 


POLARITY: CATHODE-TO-CASE 
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FIGURE 5 — POWER DISSIPATION 
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MBR1635 


MBR1645 | MOTOROLA 


SWITCHMODE POWER RECTIFIERS 
... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 
@® Guardring for Stress Protection 
@ Low Forward Voltage 


SCHOTTKY BARRIER 
RECTIFIERS 


16 AMPERES 
35 and 45 VOLTS 


CASE 221B-01 
TO-220AC 


Rating MBR1635 | MBR1645 Unit 


| Peak Repetitive Reverse Voltage VRRM Volts _ 
| Working Peak Reverse Voltage VRWM 35 45 
DC Blocking Voltage VR 
Average Rectified Forward Current (Rated Vp) IF(AV) 16 Amps 
Tc = 125°C 
Peak Repetitive Forward Current lIFRM 32 32 Amps 
(Rated Vp, Square Wave, 20 kHz) Tc = 125°C | 


Nonrepetitive Peak Surge Current . lFSM Amps 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) . 
Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) . 
Operating Junction Temperature . ~65 to +150 -65 to +150 SC 
Storage Temperature ~ -65 to +175 -65 to +175 eC 
Voltage Rate of Change (Rated Vp) | avdt | 1000S | t000———si”F| V7 nS 


THERMAL CHARACTERISTICS 


Maximum Thermal Resistance, Junction to Case | Rec = ee See °C/W 
ELECTRICAL CHARACTERISTICS . 
Maximum Instantaneous Forward Voltage (1) 
(ip = 16 Amp, Tc = 125°C) 
(ip = 16 Amp, Tc = 25°C) 
Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 


@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 


CROSS-REFERENCE GUIDE 


MOTOROLA UNITRODE 


MBR1635 USD920 


| MAXIMUM RATINGS 


(Rated dc Voltage, Tc = 25°C) 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0% 


3-114 


MBR1635, MBR1645 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 


AUN LINEN ETN ITT 
ANAC TN 
A 
CUMING UT TT 
SIMI TE TUE 
CLUE 


UNC 
HNN 
HNL 


\s 


\ 


orm wo oO ON —-K~ wm ~ma eon 


(SdWV) LNJUUND GUYMYO4I SNOINVINVISNI ‘2! 


ve, INSTANTANEGUS FORWARD VOLTAGE wvaits; 


Vr, seins VOLTAGE (VOLTS) 


CURRENT DERATING, AMBIENT 


FIGURE 4 — 


CASE 


, 


CURRENT DERATING 


FIGURE 3 — 


16°C/W 
60°C/W 


(No Heat Sink) 


RaJA 
(With TO-220 Heat Sink) 
RaJA 


+ 


a) 
— 
a 
a 
<< 
[oa 
> 
a=] 
o@ 
= 
3°) 
[om 


one ot ND OD OD eB Be oO 
™ ~-~ TT ~~ wo wo ¢ w 


(Sd) LNJHHND GHYMuOS JOVEIAY (AV), 


Tp, AMBIENT TEMPERATURE (°C) 


Tc, CASE TEMPERATURE (°C) 


STYLE 1: 


FIGURE 5 — FORWARD POWER DISSIPATION 
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MBR2035CT | , _MOTOROLA 
MBR2045CT 


SCHOTTKY BARRIER 
SWITCHMODE POWER RECTIFIERS RECTIFIERS 


... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 20 AMPERES 


®@ Guardring for Stress Protection 7 35 and 45 VOLTS 
@ Low Forward Voltage | 
@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 

@ Epoxy Meets UL94, VO at 1/8” 


MOTOROLA IR 
a eee eee eee Goma 


CASE 221A-02 
TO-220AB 


MAXIMUM RATINGS 


MBR2035CT MBR2045CT 


Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage 
DC Blocking Voltage . 
Average Rectified Forward Current (Rated Vp) 


Tc = 135°C | 


Peak Repetitive Forward Current Per Diode Leg 
(Rated Vp, Square Wave, 20 kHz) Tc = 135°C 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 


Peak Repetitive Reverse Surge Current 
(2.0 uS, 1.0 kHz) See Figure 11 


| Operating Junction Temperature 


Voltage Rate of Change (Rated Vp) 
THERMAL CHARACTERISTICS 


‘Maximum Thermal Resistance, Junction to Case . 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Voltage (1) 
(ip = 10 Amp, Tc = 125°C) 
(if = 20 Amp, Tc = 125°C) 
(ip = 20 Amp, Tc = 25°C) 


Maximum Instanta neous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 
(Rated de Voltage, Tc = 25°C) 


(1} Pulse Test: Pulse Width = 300 ys, Duty Cycie < 2.0% 


3-116 


MBR2035CT, MBR2045CT 


FIGURE 2 —TYPICAL FORWARD VOLTAGE 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE 
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FIGURE 4 — MAXIMUM SURGE CAPABILITY 
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MBR2035CT, MBR2045CT 
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FIGURE 6 — 


FIGURE 5 — CURRENT DERATING, INFINITE HEATSINK 
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FIGURE 7 — FORWARD POWER DISSIPATION 
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FIGURE 9 — THERMAL RESPONSE 
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r(t) = normalized value of transient thermal resistance at time, t, 


for example, r(ty + ty) = normalized value of transient 


pk "Roy f(D + (1 - D) -r(ty + tp) + rlty) ~ rfty)] 
thermal resistance at time, ty + tp. 


where ATJL = the increase in junction temperature above the lead temperature 
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MBR2035CT, MBR2045CT 


HIGH FREQUENCY OPERATION 


Since current flowin a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 10.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; itis simply aresult of reverse current flowthrough the 
diode capacitance, which lowers the dc output voltage. 


FIGURE 11 — TEST CIRCUIT FOR dv/dt AND 
REVERSE SURGE CURRENT 


+150 V, 10 mAdc 
2.0k0) 


Vec 12 Vde 


100 
2N2222 © 


—r| jwow— 2.0 us 


1.0kHz 


Current 
Amplitude 
Adjust 
0-10 Amps 


2N6277 


1.0 Carbon 


1N5817 


C, CAPACITANCE (pF) 
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FIGURE 10 — CAPACITANCE 
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1. DIMENSIONS L AND H APPLIES TO ALL LEADS. 

2. DIMENSION Z DEFINES A ZONE WHERE ALL 
BODY AND LEAD IRREGULARITIES ARE 
ALLOWED. 

3. DIMENSIONING AND TOLERANCING PER ANS! 
Y 14.5 1973. 

4. CONTROLLING DIMENSION: INCH 


MILLIMETERS INCHES STYLE 6: 
PIN 1. ANODE 1 
2. CATHODE 
0.160 | 0.190 3. ANODE 2 
4, CATHODE 


0.147 
| 0.105 | 


0.022 


0.500 | 0.562 


0.045 | 0.050 
0.190 | 0.210 
0.100 | 0.120 
ois 080 ee 110 


ee 235 | 0. oe 


0.030 | 0.050 
a 
0.080 


CASE 221A-02 
TO-220AB 


MBR2520 
MBR2530 MOTOROLA 
MBR2540 | a 


SCHOTTKY. 
BARRIER 


HOT CARRIER POWER RECTIFIER RECTIFIERS 


25 AMPERE 
20, 30,40 VOLTS 


... employing the Schottky Barrier principle in a large area metal-to- 
silicon power diode. State of the art geometry features epitaxial con- 
struction with oxide passivation and metal overlap contact. Ideally 
suited for use as rectifiers in low-voltage, high-frequency inverters, 
free wheeling diodes, and polarity protection diodes. 


@ Extremely Low ve @ Low Power Loss/High 
@ Low Stored Charge, Majority Efficiéncy 
Carrier Conduction ® High Surge Capacity 


MAXIMUM RATINGS 7 . 
| _sC*Rating ~———_| Symbo!|MBR2520/MBR2530 |[MBR2540|Unit_| 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 24 | | 480 Volts 
Average Rectified Forward Current eee 5 aad 
VRiequiv.) $9.2 VR (dc). Tc = 80°C 
Ambient Temperature 
Rated VR (dc). PF(AV) = 0 
Roja = 3.5°C/w | 
Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions, halfwave, single phase, 
60 Hz) 
Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 


‘Peak Operating Junction Temperature Ty (pk) | << 150 -——————_ > 
(Forward Current Applied) . 


THERMAL CHARACTERISTICS 
Sanat: oc 
Thermal Resistance, Junction to Case |° Rgjc °C/W 


STYLE 2: 
TERM 1. ANODE. 
2. CATHODE 


. All JEDEC dimensions and notes apply 


CASE 56 
DO0-4 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Maximum Instantaneous Forward 
Voltage (1) 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed 

FINISH: All external surfaces corrosion 
resistance and terminal lead is 


(ig = 25 Amp) 


Maximum Instantaneous Reverse Current 
@ Rated dc Voltage (1) (Tc = 100°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


readily solderable. 
POLARITY: Cathode to Case 
MOUNTING POSITIONS: Any 
STUD TORQUE: 15 in. Ib. Max 
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MBR2520, MBR2530, MBR2540 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vawm. Proper derating may be accomplished by use 
of equation (1): 


TA(max) = Ty(max) — Rasa Pe(av) — Raya PrRiav) = (1) 
where 
TA(max) = Maximum allowable ambient temperature 


TJ(max) = Maximum allowable junction temperature (125°C 


or the temperature at which thermal runaway 
occurs, whichever is lowest). 


PE(AV) = Average forward power dissipation 


PR(AV) 
RgJjc = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


= Average reverse power dissipation 


TR =Ty(max) ~ Rasa PRIAV) (2) 
Substituting equation (2) into equation (1) yields: 
TA(max) = TR ~ Raya PF(AV) (3) 


Inspection of equations (2) and (3) reveals that Tr is the ambient 
temperature at which thermal runaway occurs or where Tj = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VR(equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for MBR2540 operated in a 12-Volt de 
supply using a bridge circuit with capacitive filter such that Ipc = 
16 A (le(ay) = 8A), l(pky/lkayy = 20, Input Voltage = 10 
Virms), Raya = 5-C/W. 


Step 1: Find Va(equiv). Read F = 0.65 from Table | .. 
Step 2: Find TR from Figure 3. Read TR = 113°C @ VR =9.18 
& Rajya = 5°C/W 
Step 3: Find Peay) from Figure 4. Read Pei ay) = 14.8 W 
(PK) 
2 ree 20& Ilfiay) =8A 
AV) 
Step 4: Find Ta(max) from equation (3). Ta(max) = 113-(5) 


(14.8) = 39°C 


TABLE ! — VALUES FOR FACTOR F 


| Halt Wave | Wave 


Square Wave | 0.75 


(1) Note that VR (pK) ~ 2 VinipK) 
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Full Wave, 
Circuit Full Wave, Bridge Canter r Tapped (1), (2) 
Load deer cecctdbceae 


Sistine | os [ta [os [oss] 10 
ee ee 


PE(Av), AVERAGE FORWARD POWER DISSIPATION (WATTS) 


(2) Tae to center tap voltage for Vjn. 
FIGURE 1 — MAXIMUM ee TEMPERATURE -MBR2520 FIGURE 2 — MAXIMUM REFERENCE TEMPERATURE — MBR2530 
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MBR2520, MBR2530, MBR2540 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 


r(t), TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


FIGURE 5 — TYPICAL FORWARD VOLTAGE 
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FIGURE 6 — MAXIMUM SURGE CAPABILITY 
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| prior to surge, the rectifier is operated such it 


that Ty = 100°C; VaRM may be applied 
between each cycle of surge 
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FIGURE 8 — THERMAL RESPONSE 


t, TIME (ms) 


Pk DUTY CYCLE, D = tp/ty 
PEAK POWER, Ppk, !s peak of an 
equivalent square power pulse. 


TIME 


A TJC = Popk ° Rowe i +(1-D)- 

where 

A Tjc = the increase in junction temperature above the case temperature 

rt) = normalized value of transient thermal resistance at time, t, from Figure 8, i.e.: 
ty + tp) = normalized value of transient thermal resistance at time, t] + tp. 


r{ty + tp) + r(tp)—r(t1)] 
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MBR2520, MBR2530, MBR2540 


FIGURE 9 — NORMALIZED REVERSE CURRENT 
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FIGURE 11 — CAPACITANCE 
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NOTE 2 — HIGH FREQUENCY OPERATION 


Since current flow ina Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 


Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 
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MBR2535CT 


MBR 25 A5CT | MOTOROLA 


SWITCHMODE POWER RECTIFIERS 
; Pojstts hace ; SCHOTTKY BARRIER 
... using the Schottky Barrier principle with a platinum barrier metal. RECTIFIERS 
These state-of-the-art devices have the following features: 
@ Guardring for Stress Protection 


30 AMPERES 
@ Low Forward Voltage 


35 and 45 VOLTS 
@ 150°C Operating Junction Temperature 


® Guaranteed Reverse Avalanche 


CROSS-REFERENCE GUIDE 
MOTOROLA | IR 


reeset nie iinet rte nt ton Sdn 


MBR2535CT | - 30CTQ030 
MBR2535CT 30CTO035 


| steer 


| | MBR2545CT — | 30CTQ040 ESAC83-4 


MBR2545CT 30CTQ045 | EsaDs3-4 


CASE 221A-02 


| MAXIMUM RATINGS 


MBR2545CT Unit 


30 Amps 
. ve 
_ sonenee 


Rating MBR2535CT 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current (Rated Vp) 
Tc = 130°C 


| Peak Repetitive Forward Current Per Diode Leg 
(Rated Vp, Square Wave, 20 kHz) Tc = 130°C 
| | Nonrepetitive Peak Surge Current 


| | (Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 


| Peak Repetitive Reverse Surge Current 

| (2.0 ys, 1.0 kHz) 

| Operating Junction Temperature -65 to + 150 ~65 to + 150 .2€ 
Tstg -65 to +175 -~65 to +175 °C 


ee ee Ai 
| Storage Temperature 
| Voltage Rate of Change (Rated Vr) 1000 | 1000s" V/s 


THERMAL CHARACTERISTICS PER DIODE LEG | 


Maximum Thermal Resistance, Junction to Case 
ELECTRICAL CHARACTERISTICS PER DIODE LEG 
| Maximum Instantaneous Forward Voltage (1) 
| (ig = 30 Amp, Tg = 125°C) 
| (ip = 30 Amp, Tc = 25°C) 
| Maximum Instantaneous Reverse Current (1) 
| | (Rated de Voltage, Tc = 125°C) 
(Rated de Voltage, Tc = 25°C) 


| (1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
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MBR2535CT, MBR2545CT 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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CASE 221A 


2. CATHODE 


3. ANODE 2 
4. CATHODE 


MILLIMETERS 
[ 
TT 79 | 0 


PIN 1, ANODE 1 


STYLE 6: 


BODY AND LEAD IRREGULARITIES ARE 


ALLOWED. 
3. DIMENSIONING AND TOLERANCING PER ANSI 


1, DIMENSIONS L AND H APPLIES TO ALL LEADS. 
Y14.5 1973. 
4. CONTROLLING DIMENSION: INCH 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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MBR3020CT 
MBR3035CT 


MBR3045CT 
SD241 


MOTOROLA 


SWITCHMODE POWER RECTIFIERS SCHOTTKY BARRIER 


RECTIFIERS 
... using the Schottky Barrier principle with a platinum barrier metal. . | 
These state-of-the-art devices have the following features: | 30 AMPERES 


20 to 45 VOLTS 
@ Dual Diode Construction 
@ Guardring for Stress Protection 
@ Low Forward Voltage 
@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 


CROSS- REFERENCE GUIDE 


UNITRODE VARO CASE 11-03 


TO-204AA 


VSK3020T (TO-3) 


VSK3030T | 60CDQ035 
| vsk3040oT | 6ocpa045 | 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current Per Device 
(Rated Vp) Tc = 105°C Per Diode 


Peak Repetitive Forward Current, Per Diode 
(Rated Vp, Square Wave, 20 kHz) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Peak Surge Junction Temperature 
(Forward Current Applied) 


THERMAL CHARACTERISTICS PER DIODE 


ELECTRICAL CHARACTERISTICS PER DIODE 


Maximum Instantaneous Forward Voltage (1) 
(ig = 10 Amp, Tc = 125°C) 
(ig = 20 Amp, Tc = 125°C) 
(ig = 30 Amp, Tc = 125°C) 
(ip = 30 Amp, Tc = 25°C) 


Maximum Instantaneous Reverse Current(1) 
(Rated de Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) 


Capacitance 


(1} Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0% 
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MBR3020CT, MBR3035CT, MBR3045CT, SD241 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE FIGURE 2 — MAXIMUM REVERSE CURRENT 
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FIGURE 3 — MAXIMUM SURGE CAPABILITY 
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MBR3020CT, MBR3035CT, MBR3045CT, SD241 


FIGURE 6 — THERMAL RESPONSE PER DIODE LEG 
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(5), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


HIGH FREQUENCY OPERATION 


Since current flowina Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 7.) 

Rectification efficiency measurements show that operation will 


be satisfactory up to several megahertz. For example, relative. 


waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficieny is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


Duty Cycle, D = ty/ty 
Peak Power, Poy, is peak of an 
equivalent square power pulse. 


AT YL = Pox * Raji {D + (1 ~ D) + r(ty + ty) + r(ty) ~ (tq)] 
where AT) = the increase in junction temperature above the lead temperature 
_ f(t) = normalized value of transient thermal resistance at time, t, 
for example, r(ty + tp) = normalized value of transient 
__ thermal resistance at time, ty + tp. 


t, TIME (ms) 


C, CAPACITANCE (pF) 


FIGURE 7 — CAPACITANCE 
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FIGURE 8 — TEST CIRCUIT FOR REPETITIVE 
REVERSE CURRENT 


Vcc 


—e| jo — 2.0us 
1.0 kHz 
. Current 
Amplitude 
Adjust 
* -0-10 Amps 


2N2222_ 


12 Vde 


100 


+150 V, 10 mAdc 


2.0k0 


-2N6277 


Carbon 
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1.0 Carbon 


1N5817 


MBR3020CT, MBR3035CT, MBR3045CT, SD241 


FIGURE 9 -—- SCHOTTKY RECTIFIER 


Aluminum 


LeAe ayia Ron 


Steel Cap Welded to Base 


Glass Seal 


Steel Base (Cathode) Copper Core Steel Pins 


Motorola builds quality and reliability into its Schottky Recti- 
fiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not required. 
The guardring also operates like a zener to absorb over-voltage 
transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The pin-to-chip aluminum leadwire 
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SEATING 


PLANE 


NOTES: 


[miLLimeTeRs | inches | 
[MIN | WAX [WIN [ MAK 
Pal = [3937 [= [1.560 
| Bi] = | 2223 | - | 0.875 | 


CASE 11-03 
TO-204AA 


Copper Heat Spreader 
Brazed to Steel Base 


STYLE 4: 


Barrier 
Metal 


Aluminum 


Guard 
Ring 


Moly Disk 


View A-A 


provides stress relief. These two features give the unit the cap- 
ability of passing stringent thermal fatigue tests for 5,000 
cycles. Copper-core steel pins match the expansion coefficient of 
the glass and are long enough (0.440 in. min.) toreach througha 
heat sink to a printed circuit board. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘’sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv’dt at 1,600 V’us 
and reverse avalanche. 


MECHANICAL CHARACTERISTICS 
CASE: 


FINISH: Allexternal surfaces corrosion resis- 
tant and terminal lead is readily solderable. 


POLARITY: Cathode to Case. 
MOUNTING POSITION: Any. 


Welded, hermetically sealed. 


1. DIAMETERS Q, V AND SURFACE T ARE DATUMS. 
2. POSITIONAL TOLERANCE FOR HOLE Q: 


| 14 0.25 (0.010) @| TLV @| 


3. POSITIONAL TOLERANCE FOR LEADS: 


| 0] 0.30 (0.012) @{ TV @[A@| 
4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 


PIN 1. ANODE 1 
2. ANODE 2 


CASE. CO 
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MMON CATHODE 
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MBR3035PT 
MBRSO45PT 


SWITCHMODE POWER RECTIFIERS 


... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 


@ Dual Diode Construction — Terminals 1 and 3 May Be Connected 
For Parailel Operation At Full Rating 


@ Guardring For Stress Protection 

@ Low Forward Voltage 

@ 150°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 


CROSS-REFERENCE GUIDE | 
waTonoin [tae] wernooe Far 
| merzoaspr | so241 |  sp241  {esans3-004 | 


RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


MBR3035PT 
MBR3045PT 


Average Rectified Forward Current Per Device — 
(Rated Va) Tc = 105°C Per Diode 


Peak Repetitive Forward Current, Per Diode 
(Rated Vy, Square Wave, 20 kHz) 


Nonrepetitive Peak Surge Current 
(Surge Applied at rated load conditions 
halfwave, single phase, 60 Hz) 0 


Peak Repetitive Reverse Current, Per Diode 
(2.0 us, 1.0 kHz) See Figure 6 


Operating Junction Temperature 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Instantaneous Forward Voltage (1) 
(ig = 20 Amp, Tc = 125°C) 
(ig = 30 Amp, Te = 125°C) 
(ig = 30 Amp, Tc = 25°C) 
Instantaneous Reverse Current (1) 


(Rated dc Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) 


(1) Pulse Test. Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 
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MOTOROLA 


SCHOTTKY BARRIER 
RECTIFIERS 


30 AMPERES 
35 to 45 VOLTS 


CASE 340-01 
TO-218AC 


1. ANODE 1 
2. CATHODE(S) 
3. ANODE 2 
4. CATHODE(S) 


oun MLMETERS | INCHES 
| MIN | MAX | MIN | MAX 
| 21.08 | 0.800 | 0.830 

| 15.90 | 0.610 | 0.626 | 

| 0.165 | 0.200 | 


CASE 340-01 
TO-218AC 


MBR3035PT, MBR3045PT 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Ir(av), AVERAGE FORWARD CURRENT (AMPS) 


C, CAPACITANCE (pF) 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 3 — CURRENT DERATING PER LEG 
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FIGURE 5 — CAPACITANCE 
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PrAV), AVERAGE FORWARD POWER DISSIPATION (WATTS) 


Ip. REVERSE CURRENT (mA) 
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FIGURE 2 — TYPICAL REVERSE CURRENT 
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Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 4 — FORWARD POWER DISSIPATION 
PER LEG 


(Capacitive Load) Sine Wave 


Resistive Load 
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Square Wave 


IF(AV). AVERAGE FORWARD CURRENT (AMPS) 


FIGURE 6 — TEST CIRCUIT FOR REPETITIVE 
REVERSE CURRENT 
+150 V, 10 mAdc 


2.0k0 
Vec 12Vde 


12V 409 4.0 uF 
| | 2N2222 | 
—ol jo — 2.045 = 
1.0 kHz 

Current 2N6277 

Amplitude ? 100 0 
Adjust Carbon 

0-10 Amps 


1.0 Carbon 


1N5817 


MBR3520 | 
MBR3535 MOTOROLA 


MBR3545, H, H1 


SCHOTTKY BARRIER 
RECTIFIERS 


SWITCHMODE POWER RECTIFIERS 


35 AMPERES 


... using a platinum barrier metal in a lar e area metal-to-silicon 
aed reat 20 to 45 VOLTS 


power diode. State-of-the-art geometry features epitaxial construc- 
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free- 
wheeling diodes, and polarity-protection diodes. 


@ Guardring for dv/dt Stress Protection 
@ Guaranteed Reverse Surge Current/Avalanche 


@ 150°C Operating Junction Temperature 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voitage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Peak Repetitive Forward Current lIFRM 
(Rated Vp, Square Wave, 20 kHz, Tc = 110°C) 


Average Rectified Forward Current 
(Rated V\, Tc = 110°C) 


VRRM 
VRWM 


Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) See Figure 8 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Operating Junction Temperature 


; Instantaneous Forward Voltage (1) 
| (ip = 35 Amp, Tc = 125°C) 

(ig = 35 Amp, Tc = 25°C) 

(ig = 70 Amp, Tc = 125°C) 


Instantaneous Reverse Current (1) 
(Rated Voltage, Tc = 125°C) 
(Rated Voltage, Tc = 25°C) 


Capacitance (Vp = 1.0 Vdc, 100 kHz > f > 1.0 MHz, Tc = 25°C) 


*H and H1 devices include extra testing. See Figure 10. 
(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0% 


MBR3520, MBR3535, MBR3545, H, H1 


FIGURE 2 — MAXIMUM REVERSE CURRENT 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE 
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FIGURE 3 — MAXIMUM SURGE CAPABILITY 
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vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 5 — POWER DISSIPATION 


FIGURE 4 — CURRENT DERATING 
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MBR3520, MBR3535, MBR3545, H, H1 


FIGURE 6 


r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


— THERMAL RESPONSE 


Duty Cycle, D = tp/T] 
Peak Power, Ppk, is peak of an 


ATJC = Ppk: Royc [D + (1 - D)- r(t + tp) + rtp) - r(t1)) 

where 

ATJC = the increase in junction temperature above the case temperature 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 6, i.e.: 


f(t] + tp) = normalized value of transient thermal resistance at time, ty 


10 100 


t, TIME (ms) 


HIGH FREQUENCY OPERATION 


Since current flow ina Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 


reverse recovery transients due to minority carrier injection and 


stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 7.) 


Rectification efficiency measurements show that operation will 


be satisfactory up to several megahertz. For example, relative 
. waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 


0.28 at this frequency, whereas perfect rectification would yield 


0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 

of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the dc output voltage. 


FIGURE 7 — CAPACITANCE 


/ 


Stirs ae 


C, CAPACITANCE (pF) 


0 3.0 


FIGURE 8 — TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 


+ 150 V. 10 mAdc 


2.0k0 


Vcc 12 Vdc 


12V 100 4.0 uF 
| | : 2N2222 i) 
—| j= 2.0 MSs = 
1.0kHz 
Current: -2N6277 
Amplitude 
Adjust 
0-10 Amps 
1.0 Carbon 
1N5817 


SMI MAN Se irve 


| MIN: | MAX | 
Cacia ees peal aoe 
=| D Pe fio 771-11.101 0.4241 0.437 | 
rc | — | 1029) - | 0,405 


|= | 6.36] —— | 0.260) 
PE | 191] 4.45] 0.075 
|_1.52 | ae 


SEATING 


PLANE | 
10-32 UNF-2A p 
All JEDEC dimensions and notes apply 
STYLE 2: 
TERM 1. ANODE 
2. CATHODE CASE 56 
DO-4 
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MBR3520, MBR3535, MBR3545, H, H1 


FIGURE 9 — SCHOTTKY RECTIFIER 


Hole Dia=.073 
Glass Seal 


038 Copper 
Steel 
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Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead is also stress-reliefed 
to prevent damage during assembly. These two features give the 


Copper Lead 


Moly Disk 


Barrier Metal 


Oxide Passivation 


Moly Disk 


VIEW A-A 


Guardring 


unit the capability of passing powered thermal fatigue tests for 
5,000 cycles. The top copper lead provides a low resistance to 
current and therefore does not contribute to device heating; a 
heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in “sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/yus 
and reverse avalanche. Devices are also 100% reverse scope 
tested for trace anomalies. 


FIGURE 10 — HI-REL PROGRAM OPTIONS 


PRODUCTION PROCESS: 


AFTER FINAL ASSEMBLY 
OPERATION (SEALING) 


1. Raw Material 
2. Factory Processing 


100% PROCESS CONDITIONING 


1. High Temperature Storage 
2. Temperature Cycling 

3. Constant Acceleration 

4. Hermetic Seal (Fine and Gross) 


INSPECTION TESTS 
TO VERIFY LTPD: 
Group A 
Group B 
(Sample Tests) 


MBR3545H HOLDING AREA: 
100% Group A Test 


PREPARATION 
FOR 


REVIEW OF 
GROUPS A&BDATA 


DELIVERY FOR ACCEPT OR REJECT 


Accept 
Data 


INSPECTION LOT FORMATION 


The MBR3545 is also available with two levels of extra testing 
similar to “TX” screening and including Group Aand B inspection 
programs. Both the MBR3545H and MBR3545H1 go through 
100% screening consisting of high temperature storage, temper- 
ature cycling, constant acceleration and hermetic seal testing 
prior to a sample being submitted to Group A and B inspection. 
After completion of Group B inspection, the MBR3545H is avail- 
able without additional screening. MBR3545H1 devices are 
further processed through a hightemperature reverse bias 
(HTRB) and forward burn-in. Consult factory for details. 


100% POWER CONDITIONING 
. Electrical Test 

HTRB (160 Hrs Min) 

. Electrical Test (PDA = 10) 

DC Forward Burn-in (24 Hrs Min) 
. Electrical Test (PDA = 10) 


OkWN = 


MBR3545H1 
HOLDING AREA: 


100% Group A Test 


PREPARATION 


FOR 
DELIVER* 
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MBR4020 
MBR4030 
-MBR4040_ 


(S) MOTOROLA 


SCHOTTKY 
BARRIER 
RECTIFIERS 


HOT CARRIER POWER RECTIFIER 40 AMPERE 


20,30,40 VOLTS 


. . employing the Schottky Barrier principle in a large area metal-to-silicon power 
diode. State of the art geometry features epitaxial construction with oxide passiva- 
tion and metal overlap contact. Ideally suited for use as rectifiers in low-voltage, 
high-frequency inverters, free wheeling diodes, and polarity protection diodes. 


@ Extremely Low ve @ Low Power Loss/High Efficiency 
@ tow Stored Charge, Majority @ High Surge Capacity 
Carrier Conduction 


MAXIMUM RATINGS 


[tig [real mainoz0aRa030| maRa080 [Unk 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voitage 
DC Blocking Voltage 


Ambient Temperature 
Rated VR(dc). PF(AV) = 9, 
Resa = 2.0°C/W 


Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


T 


i ~<a— 800 (for 1 cycle) ——»- 
TJ. T stg 
<a-— -65 to +125 ———_»- ° 


Operating and Storage Junction 
Temperature Range (Reverse 
voltage applied) 


Peak Operating Junction Temperature | Tj(pk) 
(Forward Current Applied) 


THERMAL CHARACTERISTICS 
a Characteristic 


Thermal Resistance, Junction to Case 


NOTES: 

1. DIM “P” IS DIA. 

2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 

3. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. . 

4. THREADS ARE PLATED. 

5. DIMENSIONING AND TOLERANCING PER 
ANS! Y14.5, 1973. 


Maximum Instantaneous Forward 
Voltage (1) 
(i¢ = 40 Amp) 


Maximum Instantaneous Reverse 
Current @ rated dc Voltage (1) 
Tc = 100°C 


CASE 257-01 
DO-5 
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MBR4020, MBR4030, MBR4040 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 Vawm. Proper derating may be accomplished by use 
of equation (1): 

TA(max) = Td(max) — Rega PF(AV) — Resa PR(AvV) 
where 


(1) 


TA(max) = Maximum allowable ambient temperature 


TJ(max) = Maximum allowable junction temperature (125°C 


or the temperature at which thermal runaway 
occurs, whichever is towest). 


Pe( av) = Average forward power dissipation 


PR(AV) 
Rec = Junction-to-ambient thermal resistance 
Figures 1, 2 and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation (2): 


= Average reverse power dissipation 


TR = TJ(max) — Rasa PRIAV) (2) 
Substituting equation (2) into equation (1) yields: 
TA(max) = TR — Rega PF(Av) (3) 


Inspection of equations (2) and (3) reveals that Tp is the ambient 
temperature at which thermal runaway occurs or where Ty = 125°C, 


when forward power is zero. The transition from one boundary 
condition to the other is evident on the curves of Figures 1, 2 and 
3 as a difference in the rate of change of the slope in the vicinity 
of 115°C. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. For use in common rectifier circuits, Table | indicates sug 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VR(equiv) = Vin(PK) x F (4) 

The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky diodes. 


Example: Find Ta(max) for MBR4040 operated in a 12-Volt de 
supply using a bridge circuit with capacitive filter such that Ipc = 
30 A (lF(ay) = ddA). 1(PK)/l(ay) = 10, Input Voltage = 10 
Virms), ReJa = 3°C/W. 


Step 1: Find VR (equiv). Read F = 0.65 from Table !.. 

Step 2: FindTp from Figure 3. Read tp = 118°C @ Vp = 9. 18V 
& Raja =3°C/W 

Step 3: Find Pei ay) from Figure 4. Read Pei ay) = 25 W 

K) 

et. 10 & lejay) =15A 

Step 4: Find JAlgax) from equation (3). Ta(max) = 118-(3) 
(25) 


TABLE I — VALUES FOR FACTOR F 


| Halt Wave | Halt Wave 


Circuit 
Load 
aera ee 
Square Wave | 0.78 


(1) Note that VR (pK) © 2 VinipK) 


FIGURE 1 oN REFERENCE TEMPERATURE — MBR4020 


= ee 


l/ 


Tr, REFERENCE TEMPERATURE (°C) 


= 
ae 
NS 
N 
@ 
i 
N 
- 
z 


AAU 
VILLA ALL 
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FIGURE 3 —- MAXIMUM REFERENCE TEMPERATURE — MBR4040 
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(2) Use line to center tap voltage for Vin. 


FIGURE 2 - MAXIMUM REFERENCE TEMPERATURE — MBR4030 
425 gaya 
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FIGURE 4 —~ FORWARD POWER DISSIPATION 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) 
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MBR4020, MBR4030, MBR4040 


FIGURE 5 — TYPICAL FORWARD VOLTAGE ~ FIGURE 6 — MAXIMUM SURGE CAPABILITY 
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FIGURE 7 — CURRENT DERATING 
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FIGURE 8 — THERMAL RESPONSE 
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MBR4020, MBR4030, MBR4040 


FIGURE 9 — NORMALIZED REVERSE CURRENT 
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FIGURE 11 — CAPACITANCE 
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MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed 
FINISH: All external surfaces corrosion resistant 


and terminal lead is readily solderable. 
POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
STUD TORQUE: 25 in. Ib. Max 


BE eae 
Gil 
4 Ty = 25°C] | 


MBR4020 
| 


40 


IR, REVERSE CURRENT (mA) 


FIGURE 10 — TYPICAL REVERSE CURRENT 
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MBR4020 — 20 V 
eee MBRA030 — 30 V 


“OQ 40 80 2 36 20.4 28 32. 36: -d0 
Vp, REVERSE VOLTAGE (VOLTS) 


NOTE 2: HIGH FREQUENCY OPERATION 


Since current flow in a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. (See Figure 11). 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 


waveform rectification efficiency is approximately 70 per cent at 


2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative of 
power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


NOTE 3: SOLDER HEAT 


The excellent heat transfer property of the heavy duty copper 
anode terminal which transmits heat away from the die requires 
that caution be used when attaching wires. Motorola suggests a 
heat sink be clamped between the eyelet and the body during any 
soldering operation. 
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(AA) MOTOROLA 


MBR6035 
MBR6045, H, H1 
MBR6035B 
MBR6045B 


SWITCHMODE POWER RECTIFIERS 


. . using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc- 
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high-frequency inverters, free- 
wheeling diodes, and polarity-protection diodes. 


SCHOTTKY RECTIFIERS 


@ Guaranteed Reverse Avalanche 


60 AMPERES 
35 AND 45 VOLTS 


@ Guardring for dv/dt Stress Protection 


@ 150°C Operating Junction Temperature 
@ Low Forward Voltage 


CASE 257-01 


- MBR6O45, H, H1* 
MBR6045B 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voitage 


Peak Repetitive Forward Current 
(Rated Vp, Square Wave, 20 kHz) Tc = 100°C 


Average Rectified Forward Current 
(Rated Vp) Tc = 100°C 
Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) See Figure 7 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
haifwave, single phase, 60 Hz) 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


cin." Raa XS GRE ARE SAME SER 
Thermal Resistance, Junction-to-Case Rac | 85 1.0 


ELECTRICAL CHARACTERISTICS 


Instantaneous Forward Voltage (1) 
(ig = 60 Amp, Tc = 25°C) 
(ig = 60 Amp, Tc = 125°C) 

(ig = 120 Amp, Tc = 125°C) 


Instantaneous Reverse Current (1) 
(Rated Voltage, Tc = 25°C) 
(Rated Voltage, Tc = 125°C) 
Capacitance 

(VR = 1.0 Vde, 100 kHz < 1.0 MHz) 


*H and H1 devices include extra testing. . 
(1) Pulse Test: Pulse Width = 300 MS, Duty Cycle = 2.0% 
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MBR6035, MBR6045, H, H1, MBR6035B, MBR6045B 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE FIGURE 2 — MAXIMUM REVERSE CURRENT 
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Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — MAXIMUM SURGE CAPABILITY 


ip, INSTANTANEOUS FORWARD CURRENT (AMPS) 
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FIGURE 4 — CAPACITANCE 
NOTE 1 


HIGH FREQUENCY OPERATION 


Since current flowin a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the dc output voltage. 


C, CAPACITANCE (pF) 
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Square Wave 
0% Duty Cycle 


+ 150 V. 10 mAdc 
1.0 Carbon 


mr (Resistive Load) 


2.0 kD 
2N6277 


Vcc 
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IECAV)- AVERAGE FORWARD CURRENT (AMPS) 
Current 


AND REVERSE SURGE CURRENT 


FIGURE 7 — TEST CIRCUIT FOR dv/dt 
1.0kHz 


FIGURE 6 — POWER DISSIPATION 
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FIGURE 8 — THERMAL RESPONSE 


a Square Wave 


PEAK POWER, Pox, is peak of an 
equivalent square power pulse. 

p) ~ Mty)] where 

resistance at time, t, from 


DUTY CYCLE, D =tp/ty 


TIME 
Ty = ite +J\ Tyc 
where \Tc is the increase in junction temperature above the case 
pitnt 


lAV 
temperature. It may be determined by: 


Ink 


Tc, CASE TEMPERATURE (°C) 
normalized value of transient thermal resistance at time ty + tp: 


KRG ycID+(1~Dier(t, +t 


pk. . 
normalized value of transient thermal 


VR @ Rated Voltage 


Pp 


FIGURE 5 — FORWARD CURRENT DERATING 


(Capacitive Load) 
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To determine maximum junction temperature of the diode in a given 
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Figure 8, t.e.: 
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MBR6035, MBR6045, H, H1, MBR6035B, MBR6045B 
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MBR6035, MBR6045, H, H1, MBR6035B, MBR6045B 


FIGURE 9 — SCHOTTKY RECTIFIER 
Copper Lead 


Copper 


Moly Disk 
Cold Weld 
Alloy 52 

Barrier Metal 
Glass Seal 


Steel Case Oxide Passivation 


Copper Base Moly Disk 


Guardring VIEW A-A 


Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 


feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides alow 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘‘sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/ys 
and reverse avalanche. 


H!I-REL PROGRAM OPTIONS 


The MBR6045 is also available with two levels of extra testing 
similar to “TX”’ screening and including Group A and B inspection 
programs. Both the MBR6045H and MBR6045H1 go through 
100% screening consisting of high temperature storage, tem- 
perature cycling, constant acceleration and hermetic seal testing 


prior to a Sample being submitted to Group A and B inspection. 
After completion of Group B inspection, the MBR6045H is 
available without additional screening. MBR6045H1 devices are 
further processedthrougha hightemperature reverse bias 
(HTRB) and forward burn-in. Consult factory for details. 


MECHANICAL CHARACTERISTICS 


cal MILLIMETERS INCHES CASE: Welded, hermetically sealed 
FINISH: Alt external surfaces corrosion resistant 
7 16.94 58 and terminal lead is readily solderable. 
i ee: POLARITY: Cathode-to-Case 
K 2.92 | 5.08 | MOUNTING POSITION: Any 


STUD TORQUE: 25 in.-lb Max 


— 
oO): 
oO 
Lam) 


SOLDER HEAT: The excellent heat transfer prop- 
erty of the heavy duty copper anode terminal which 
transmits heat away from the die requires that 
caution be used when attaching wires. Motorola 
suggests a heat sink be clamped between the eye- 
let and the body during any soldering operation. 


S/F1S] |: 
Sa] ] Rh 
CO} 
Bl{enjo 


ae SS} jo o 
NR > — a 
nD < = rp) 
f=) nm on rr) > 
oO 
oloOjo 
S|Olh 
nadia 
wIOlS 


2.26 0.089 


NOTES: 
1. DIM “P” IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. | Case 257-01 
3. ANGULAR ORIENTATION AND CONTOUR OF (DO-5) 
TERMINAL ONE IS OPTIONAL. 
4, THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 
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MBRG6O35PF 
MBR6045PF MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


... using a platinum barrier metal in a large area metal-to-silicon 


SCHOTTKY RECTIFIERS 


60 AMPERES 
35 and 45 VOLTS 


power diode. State-of-the-art geometry features epitaxial construc- 
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectfiers in low-voltage, high frequency inverters, free- 
wheeling diodes, and polarity-protection diodes. 


@ Guaranteed Reverse Avalanche 
@ Guardring for dv/dt Stress Protection 
@ 150°C Operating Junction Temperature 


CASE 43-02 


@ Low Forward Voltage 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage VRWM 

DC Biocking Voltage VR 
Peak Repetitive Forward Current lI-FRM —_—\——— 120 

(Rated Vy, Square Wave, 20 kHz) Tc = 100°C 
Average Rectified Forward Current 
(Rated Vp) Tc = 100°C 


> 
E 

s] 

a 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Thermal Resistance, Junction to Case . 


ELECTRICAL CHARACTERISTICS 
Characteristic 


instantaneous Forward Voltage (1) 
(i¢ = 60 Amp, Tc = 25°C) 
(ip = 60 Amp, Tc = 125°C) 
(ip = 120 Amp, Tc = 125°C) 
instantaneous Reverse Current (1) 
(Rated Voltage, Tc = 25°C) 
(Rated Voltage, Tc = 125°C) 


Capacitance 
(VR = 1.0 Vdc, 100 kHz< 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
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MBR6035PF, MBR6045PF 


FIGURE 1 —MAXIMUM FORWARD VOLTAGE FIGURE 2 — MAXIMUM REVERSE CURRENT 
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FIGURE 3 — MAXIMUM SURGE CAPABILITY 
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FIGURE 4 — CAPACITANCE 
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NOTE 1 
HIGH FREQUENCY OPERATION 5000 


Since current flow ina Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a mode! consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 1000 
0.28 at this frequency, whereas perfect rectification would yield Sd 
0.406 for sine wave inputs. However, in contrast to ordinary ttt Re 
junction diodes, the loss in waveform efficiency is not indicative 700 
of power loss; it is simply a result of reverse current flow through 0 a PP - 
the diode capacitance, which lowers the dc output voltage. 05 1.0 20 3.0 5.0 7.0 10° 20 30 50 

Vp, REVERSE VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 
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MBR6035PF, MBR6045PF 


FIGURE 6 — POWER DISSIPATION 


FIGURE 5 — FORWARD CURRENT DERATING 


50% Duty Cycle | 
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FIGURE 7 — TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 


+ 150 V. 10 mAdc 
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PEAK POWER, Ppx, is peak of an 
equivalent square power pulse. 


_ DUTY CYCLE, D = ty/ty 
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TetATyc . 
where .\Tc is the increase in junction temperature above the case 


temperature. It may be determined by: 


achieved. Using the measured vaiue of Tc, the junction temperature may be 
Ty 


_ determined by: 


' The temperature of the case should be measured using a thermocouple 
placed on the case. The thermal mass connected to the case is normally large 


enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state conditions are 


situation, the following procedure is recommended: 


Current 


© 
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E 
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)+rit 
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lized value of transient thermal 
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Figure 8, i.e.: 
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FIGURE 8 — THERMAL RESPONSE 


resistance at time, t, 


normalized value of transient thermal resistance at time ty + tp. 


rity + ty! 


t, TIME (ms) 
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MBR6035PF, MBR6045PF 


FIGURE 9 — SCHOTTKY RECTIFIER 


Copper Lead 


Solder Seal 


Glass Seal Alloy 52 Sleeve 
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Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 


Steel Weld Ring 


Copper Lead 
Moly Disk 


Barrier Metal 


Oxide Passivation 


Moly Disk 


Guardring VIEW A-A 


feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides alow 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘‘sandwich” form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/yus 
and reverse avalanche. 


: MOUNTING INFORMATION 
© 


= Recommended procedures for mounting are as follows: 
1. Drill a hole in the heat sink 0.499 + 0.001 inch in diameter. 


2. Break the hole edge as shown to provide a guide into the hole 
and prevent shearing off the knurled side of the rectifier. 


3. The depth and width of the break should be 0.010 inch 
maximum to retain maximum heat sink surface contact. 


4. To prevent damage to the rectifier during press-in, the 
= pressing force should be applied only on the shoulder ring 


of the rectifier case. 
SEATING PLANE =a el 5 


5. The pressing force should be applied evenly about the 

shoulder ring to avoid tilting or canting of the rectifier case 

in the hole during the press-in operation. Also, the use of a 

thermal lubricant such as D.C. 340 will be of considerable aid. 

For more information see: Mounting Techniques for Metal Pack- 
aged Power Semiconductors, AN-599. 


TYPICAL THERMAL 
RESISTANCE, CASE 
TO SINK, O¢s = 0.2°C/W 


SHOULDER mee a a 
ee oa 
; Qi OTEK, 


jo— 0499 + 0.001 DIA. 
oe SINK MOUNTING . 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed a 


FINISH: All external surfaces corrosion resistant 


RIVET ADDITIONAL 
ae HEAT SINK PLATE 


and terminal lead is readily solderable. 
POLARITY: Cathode to Case 
MOUNTING POSITION: Any 
WEIGHT: 9 grams (Approximately) 


INTIMATE COMPLETE KNURL THIN 
CONTACT AREA CONTACT AREA CHASSIS 


THIN-CHASSIS MOUNTING 
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MBR6535 


MBR6545_ (AA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS HIGH TEMPERATURE 


.... USINg a platinum barrier metal in a large area metal-to-silicon SCHOTTKY RECTIFIERS 
power diode. State-of-the-art geometry features epitaxial construc- : . 


tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high frequency inverters, 
free-wheeling diodes, and polarity-protection diodes. | 


65 AMPERES 
- 35 and 45 VOLTS 
@ Guaranteed Reverse Avalanche 
® Guardring for dv/dt Stress Protection 
@ 175°C Operating Junction Temperature 
@ Low Forward Voltage 


a CROSS-REFERENCE GUIDE | 


MBR6535 60CDQ035 
MBR6545 ' 60CDQ040 


MBR6545 ; 60CDQ045 . 


MBR6535 MBR6545 
VRWM 35 45 
VR 


“ . Soll tal 
Tle -65 to +175 65 to +175 
oe Cee Ra ie 


CASE 257-01 
DO-203AB 
(DO-5) 


MAXIMUM RATINGS ~ 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage . 
DC Blocking Voltage 


Peak Repetitive Forward Current 
(Rated VR, Square Wave, 20 kHz) Tc = 120°C 
Average Rectified Forward Current 
(Rated Vp) Tc = 120°C 
Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) See Figure 7 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 


Operating Junction Temperature and 
Storage Temperature 


Voltage Rate of Change 
(Rated VR) “as 


THERMAL CHARACTERISTICS 


Maximum Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 


Maximum instantaneous Forward Voltage (1) 
(ip = 65 Amp, Tc = 25°C) 
(ig = 65 Amp, Tc = 150°C) 
(ig = 130 Amp, Tc = 150°C) 


Maximum Instantaneous Reverse Current (1) 
(Rated Voltage, Tc = 25°C) 
(Rated Voltage, Tc = 150°C) 


| Capacitance 
(VR = 1.0 Vde, 100 kHz < f < 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
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MBR6535, MBR6545 


ip, INSTANTANEOUS FORWARD CURRENT (AMPS) 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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NOTE 1 
HIGH FREQUENCY OPERATION 


Since current flowin a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform rectification efficiency is approximately 70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative: 
of power loss; it is simply a result of reverse current flow through 
the diode capacitance, which lowers the dc output voltage. 


Ip, REVERSE CURRENT (mA) 


C, CAPACITANCE (pF) 


lsu. PEAK SURGE CURRENT (AMPS) 


FIGURE 2 — TYPICAL REVERSE CURRENT 
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FIGURE 4 — CAPACITANCE 
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MBR6535, MBR6545 


FIGURE 5 — FORWARD CURRENT DERATING 


Ht 


FIGURE 6 — POWER DISSIPATION 
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FIGURE 7 — TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT | 
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The temperature of the case should be measured u 
placed on the case The thermal mass connected to the c 
enough so that it will not significantly respond to heat 
the diode as a result of pulsed operation once steady- 


achieved. Using the measured value of Tc, the junction 


situation, the following procedure is recommended: 
determined by: 


1.0 kHz 


where ATc 's the increase in junction temperature above the case 


temperature. It may be determined by. 


Current 
Amplitude 


r(t,)| where 


+ rtp) 2 
hermal resistance at time, t, from : 


ty) 


K*RA CID +1 Dierity + 


p 


p 
normalized value of transient t 


Figure 8, t.e.: 


ATyc 
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Adjust 
0-10 Amps 


tp. 


normalized value of transient thermal resistance at time ty + 


ty) = 


ty + 


1.0 Carbon 


FIGURE 8 — THERMAL RESPONSE | 


18 te a 
HT} mee 


Psu Uy | 
HINT el NioiGreaI esl 


t, TIME (ms) 


3-150 


MBR6535, MBR6545 


“FIGURE 9 — SCHOTTKY RECTIFIER 


Copper 


Cold Weld 
Alloy 52 


Glass Seal 


Steel Case 


Copper Base 


Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 


Copper Lead 


Moly Disk 


Barrier Metal 


——-—-- Oxide Passivation 


Moly Disk 


Guardring VIEW A-A 


feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does noc contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘sandwich’ form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/us 
and reverse avalanche. 


|~<+—-—- - 


— 1/4-28 UNF-2A 
~~ TERM.2 


NOTES: 

1. DIM “P” IS DIA. 

2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 

3. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 

4. THREADS ARE PLATED. 

5. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


MILLIMETERS| INCHES 
c 17.45 | 
' STYLE 2: 11.43 0.45 
TERM. 1. ANODE | D | | 953 | - [0.375 | 
y CATHODE (CA 5.08 | 0.115 | 0.200 
BE) 2.03 | | 0.080 
0.422 
jk | - = 
: 386, - [oe] - | 
| P | 5.59 
CASE 257-01 Ta | 3.56 | 445 | 
K DO-203AB ea rs 
(DO-5) (Ss | - | 2.26 | - | 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion resistant and terminal lead Is 
readily solderable. 


POLARITY: Cathode-to-Case 
MOUNTING POSITION: Any 
STUD TORQUE: 25 in.-lb Max 


SOLDER HEAT: The excellent heat transfer property of the heavy duty 
copper anode terminal which transmits heat away from the die requires 
that caution be used when attaching wires. Motorola suggests a heat sink 
be clamped between the eyelet and the body during any soldering operation. 
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MBR7520 MBR7530 
MBR7535 MBR7540 
MBR7545 


(AA) MOTOROLA 


SCHOTTKY BARRIER 
RECTIFIERS 


75 AMPERES 


SWITCHMODE POWER RECTIFIERS 


. .. employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State-of-the-art geometry features epitaxial | 
construction with oxide passivation and metal overlap contact. 
Ideally suited for use as rectifiers in low-voltage, high-frequency 
inverters, free-wheeling diodes, and polarity-protection diodes. 


20 to 45 VOLTS 


@ Extremely Low ve @ Low Power Loss/ 


@ Low Stored Charge, Majority High Efficiency 


Carrier Conduction @ High Surge Capacity 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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0.6 0.8 : : : ‘NOTES: 
. DIM “P” IS DIA. 

ve INSTANTANEOUS FORWARD VOLTAGE (VOLTS) . CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS: 

OF HEXAGONAL BASE IS OPTIONAL. 
. ANGULAR ORIENTATION AND CONTOUR OF 

TERMINAL ONE IS OPTIONAL. 

. THREADS ARE PLATED. 

MECHANICAL CHARACTERISTICS . DIMENSIONING AND TOLERANCING PER 


CASE: Weided, hermetically sealed POLARITY: Cathode to case ANSI Y14.5, 1973. 
FINISH: All external surfaces corrosion- MOUNTING POSITIONS: Any 


resistant and terminal lead is readily STUD TORQUE: 25 in. Ib. max CASE 257-01 
solderable. _ bos 
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MBR7520, MBR7530, MBR7535, MBR7540, MBR7545 


MAXIMUM RATINGS 


pS Rating | Symbot | mB R:7520] MBR7530| MBR7535| MBR7540|_MBR7545 


Peak Repetitive Reverse Voltage VRRM: 20 «. 30 35 45 Volts 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Peak Repetitive Forward Current : 

(Rated Vm, Square Wave, 20 kHz) a 
Average Rectified Forward Current 

(Rated Vp) . 


Non-repetitive Peak Surge Current 
(Surge applied at rated toad conditions, 
halfwave, single phase, 60 Hz) 


Operating and Storage Junction Temperature Range Ty, Tstg <4 _—_—___-——— -§5 to +150 —_——__—_—___—_—_—_—a al 

Peak Operating Junction Temperature 6) SSS 1 SSS SS a 
(Forward Current Applied) 

Voltage Rate of Change dv/dt |-«————_——____—__———_ 1000 ——__—_———_ v/us 
(Rated Vp) ae 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (1¢ = 25°C unless otherwise noted) 


VE : . 


Maximum Instantaneous Forward Voltage (1) 
(ig = 60 Amp, Tc = 125°C) 
(ig = 220 Amp, Te =125°C) 
| Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 
Capacitance 
(VR = 5.0 Vdc, 100 kHz < f < 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


FIGURE 2 — CURRENT DERATING FIGURE 3 — TYPICAL REVERSE OPERATION 


Ip, REVERSE CURRENT (mA) 


re 80 100 120 140 160 “0 10 20 30 40 50 
Tc, CASE TEMPERATURE (°C) : Vp, REVERSE VOLTAGE (VOLTS) 


iepm. PEAK REPETITIVE FORWARD CURRENT (AMPS) 
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MBR8035__ 


mprsoas ft” (MA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


... using a platinum barrier metal in a large area metal-to-silicon 
power diode. State-of-the-art geometry features epitaxial construc- 
tion with oxide passivation and metal overlap contact. Ideally suited 
for use as rectifiers in low-voltage, high frequency inverters, free- , 
wheeling diodes, and polarity-protection diodes. 7 


@ Guaranteed Reverse Avalanche 

@ Guardring for dv/dt Stress Protection 

@ 175°C Operating Junction Temperature 
@ Low Forward Voltage 


SCHOTTKY RECTIFIERS 


80 AMPERES 
35 and 45 VOLTS 


CROSS-REFERENCE GUIDE 


MBR8035 75HQ030,85HO030 | —- | USD520 
MBR8035 | 75HQ035,85HO0O35 | — | 


CASE 257-01 
DO-203AB 
(DO-5) 


- MBR8045 75HQ040, 85HQ040 $D71 USD545 VSK71 


MBR8045 75HO045, 85HO045 SD72 | =| VSK72 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage Volts 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Peak Repetitive Forward Current lIFRM 
(Rated Vp, Square Wave, 20 kHz) Tc = 120°C . . 
Average Rectified Forward Current ~ Amps 
(Rated Vp) Tc = 120°C 
ee ee 


Peak Repetitive Reverse Surge Current 
(2.0 us, 1.0 kHz) See Figure 7 
Nonrepetitive Peak Surge Current 


(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) , 


THERMAL CHARACTERISTICS 


Maximum Thermal Resistance, Junction to Case . 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Voltage (1) 
(ip = 80 Amp, Tc = 25°C) - 
(ip = 80 Amp, Tc = 150°C) 

(ip = 160 Amp, Tc = 150°C) 


Ee ae a ee Ee 


Maximum Instantaneous Reverse Current (1) 
(Rated Voltage, Tc = 25°C) 
(Rated Voltage, Tc = 150°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
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MBR8035, MBR8045 


FIGURE 1 — TYPICAL FORWARD VOLTAGE - FIGURE 2 — TYPICAL REVERSE CURRENT 
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Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — MAXIMUM SURGE CAPABILITY 


ip, INSTANTANEOUS FORWARD CURRENT (AMPS) 
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FIGURE 4 — CAPACITANCE 


NOTE 1 
HIGH FREQUENCY OPERATION 


Since current flowin a Schottky rectifier is the result of majority 
carrier conduction, it is not subject to junction diode forward and 
reverse recovery transients due to minority carrier injection and 
stored charge. Satisfactory circuit analysis work may be per- 
formed by using a model consisting of an ideal diode in parallel 
with a variable capacitance. (See Figure 4.) 

Rectification efficiency measurements show that operation will 
be satisfactory up to several megahertz. For example, relative 
waveform. rectification efficiency is approximately 70 per cent at 
2:0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification would yield 
0.406 for sine wave inputs. However, in contrast to ordinary 
junction diodes, the loss in waveform efficiency is not indicative 
of power loss; itis simply a result of reverse current flowthrough 

‘the diode capacitance, which lowers the dc output voltage. _ 0.5 1.0 20 30 50 7.0 10 20 30 50 


Vp. REVERSE VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 
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MBR8035, MBRS045 


FIGURE 5 — FORWARD CURRENT DERATING FIGURE 6 — POWER DISSIPATION 


Ig(av). AVERAGE FORWARD CURRENT (AMPS) 
PF(AV). AVERAGE POWER DISSIPATION (WATTS) 


0 
100 «110-120, 130,140,150 160170180 
Tc, CASE TEMPERATURE (°C)  Ig{AV). AVERAGE FORWARD CURRENT (AMPS) _ 


FIGURE 7 — TEST CIRCUIT FOR dv/dt 
AND REVERSE SURGE CURRENT 


NOTE 2 


+150 V, 10 mAdc 
Pok : 


DUTY CYCLE. D = tp/t} 2.0 kQ 
PEAK POWER, Pox, is peak of an 
TIME equivalent square power pulse. Se ae Vcc 12 Vde 


bet} = 


To determine maximum junction temperature of the diode in a given 


'  gituation, the following procedure is recommended: 
The temperature of the case should be measured using a thermocouple 


placed on the case. The thermal mass connected to the case is-normaily large Tle V 100 - 


2N2222 


enough so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state conditions are eG 
achieved. Using the measured value of T¢, the junction temperature may be 

| fo 2.0 us 


determined by: Ty=Te+ATyc 


where \T¢ is the increase in junction temperature above the case 1.0 kHz 
temperature. It may be determined by: Current 
AT yc = Po RQ yclO + (1 - Die celty + tp) + rity) ~ efty)] where Amolitud 2N6277 
rth= normalized value of transient thermal resistance at time, t, from ; : mplitude 100 9 
Figure 8, i.e.: —- - Adjust Carbon 
t(ty +t) = normalized value of transient thermal resistance at time ty + t,. . 0-10 Amps 
1.0 Carbon 
1N5817 
FIGURE 8 — THERMAL RESPONSE ~ 


oS 


anil 


_ ae om 9% mee maa 


CEH 


= 
= 

i ee 

fe 1c oT 
a 

5 


HEH | 
SERS MEER ES 
2 OE NR Ee: 
AU RES GES SS Os a es Oe 


20 10 50 100 200 506 =§=1000 
t, TIME es 


c(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 
—] 
I 
: 
PLT NT TT 
COC 


3-156 


MBR8035, MBR8045 


FIGURE 9 — SCHOTTKY RECTIFIER 


Copper 


Cold Weld 
Alloy 52 


Glass Seal 


Steel Case 


VIEW A-A Copper Base 


Motorola builds quality and reliability into its Schottky Rectifiers. 

First is the chip, which has an interface metal between the 
platinum-barrier metal and nickel-gold ohmic-contact metal to 
eliminate any possible interaction with the barrier. The indicated 
guardring prevents dv/dt problems, so snubbers are not manda- 
tory. The guardring also operates like a zener to absorb over- 
voltage transients. 

Second is the package. There are molybdenum disks which 
closely match the thermal coefficient of expansion of silicon on 
each side of the chip. The top copper lead has a stress relief 


STYLE 2: 
TERM.1. ANODE 

2. CATHODE (CASE) 
L | 386] - [0156] - | 
| P {| 559 [ 6.32 [0.220 | 0.249 | 
CASE 257-01 ro | 3.56] 4.45 [0.140 | 0175 | 
DO-203AB TR | - | 20.16 [| - | 0.794 | 
(DO-5) fs | - | 2.26 [ — | 0.089 | 


Copper Lead 


Moly Disk 


Barrier Metal 


— Oxide Passivation 


ya 


Moly Disk 


VIEW A-A 


Guardring 


feature which protects the die during assembly. These two 
features give the unit the capability of passing stringent thermal 
fatigue tests for 5,000 cycles. The top copper lead provides a low 
resistance to current and therefore does not contribute to device 
heating; a heat sink should be used when attaching wires. 

Third is the redundant electrical testing. The device is tested 
before assembly in ‘sandwich’ form, with the chip between the 
moly disks. It is tested again after assembly. As part of the final 
electrical test, devices are 100% tested for dv/dt at 1,600 V/yus 
and reverse avalanche. 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed 
FINISH: Ail external surfaces corrosion resistant and terminal lead is 


NOTES: 
1, DIM “P" 1S DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE !S OPTIONAL. 
3, ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 


readily solderable. 

POLARITY: Cathode-to-Case 
MOUNTING POSITION: Any 
STUD TORQUE: 25 in.-lb Max 


SOLDER HEAT: The excellent heat transfer property of the heavy duty — 
copper anode terminal which transmits heat away from the die requires 
that caution be used when attaching wires. Motorola suggests aheat sink 
be clamped between the eyelet and the body during any soldering operation. 


4, THREADS ARE PLATED. 
§. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 
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MBR12035CT 


MBR12045CT 


Advance Information 


SWITCHMODE POWER RECTIFIERS 
... using the Schottky Barrier principle with a platinum barrier 
metal. These state-of-the-art devices have the following features: 


@ Dual Diode Construction — May Be Paralleled For Higher 
Current Output 


@ Guardring For Stress Protection 

@ Low Forward Voltage 

@ 175°C Operating Junction Temperature 
® Guaranteed Reverse Avalanche 


MAXIMUM RATINGS 

Working Peak Reverse Voltage MBR12035CT 

DC Blocking Voltage MBR12045CT 
Average Rectified Forward Current Per Device IF(AV) 

(Rated VR) Tc = 140°C Per Leg 
Peak Repetitive Forward Current, Per Leg pay Sa ee 

800 

(Surge applied at rated load conditions 

halfwave, single phase, 60 Hz) 
Voltage Rate of Change (Rated Va) awit | 1000 | Vis | 
THERMAL CHARACTERISTICS PER LEG 

| Rac | 085 | “cw | 

Instantaneous Forward Voltage (1) 

(i¢ = 60 Amp, Tc = 125°C) 


| Rating =| Symbol | Max | Unit | 
Peak Repetitive Reverse Voltage VRRM Volts 
VRWM 
VR 

(Rated Vp, Square Wave, 20 kHz), Tc = 140°C 
Nonrepetitive Peak Surge Current 
Peak Repetitive Reverse Current, Per Leg 

(2.0 us, 1.0 kHz) See Figure 6 | 
Operating Junction and Storage Temperature ~65 to +175 
Thermal Resistance, Junction to Case _ 
ELECTRICAL CHARACTERISTICS PER LEG 

(if = 120 Amp, Tc = 125°C) 

(if = 120 Amp, Tc = 25°C) - 


Instantaneous Reverse Current (1) _ 
(Rated de Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
Switchmode is a trademark of Motorola Inc. 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MOTOROLA 


SCHOTTKY BARRIER 
RECTIFIERS 


120 AMPERES 
35 to 45 VOLTS 


CASE 357B-01 
POWERTAP 


F, 
Ovo 


fame =5 
H 
eels 
can ean 


1 DIMENSIONS A AND 8 ARE DATUMS AND 
T. IS A DATUM SURFACE AND SEATING 
PLANE 

2 POSITIONAL TOLERANCE FOR N HOLES: 

[+] o 0.13 (0.005) @[T] AG) 8) 


3. POSITIONAL TOLERANCE FOR 0 AND W 


HOLES 
# 0.25 (0.010) *] T] A @) 18 OO] 
4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973 
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46.10 BSC 1.815 BSC 


CASE 357B-01 


0.315 Max. 
25-50 Ib.-in. 
30-40 Ib.-in. 


Terminal Penetration 
Terminal Torque 
Mounting Base Torque 


MBR12035CT, MBR12045CT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE PER LEG 


FIGURE 2 — TYPICAL REVERSE CURRENT, PER LEG* 
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FIGURE 4 — POWER DISSIPATION PER LEG 
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FIGURE 3 — FORWARD CURRENT DERATING, PER LEG 
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FIGURE 6 — TEST CIRCUIT FOR REPETITIVE 


FIGURE 5 — TYPICAL CAPACITANCE, PER LEG 


REVERSE CURRENT 


+150 V, 10 mAdc 


2.0 kQ 


| 1.0 Carbon 


VCC 0 12 Vde 


5.0 
Vp, REVERSE VOLTAGE (VOLTS) 
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MBR20035CT 


MBR20045CT MOTOROLA 


SCHOTTKY BARRIER 
RECTIFIERS 


SWITCHMODE POWER RECTIFIERS 


200 AMPERES 
. 35 to 45 VOLTS 
... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 


® Dual Diode Construction — May Be Paralleled For Higher 
Current Output 


@ Guardring For Stress Protection 
@ Low Forward Voltage 


@ 175°C Operating Junction Temperature 


@ Guaranteed Reverse Avalanche 
CASE 3578-01 


Power Tap® 


CROSS-REFERENCE GUIDE 


MOTOROLA | SIEMENS | PRO-ELECTRON | JEDEC | 
MBR20045cT | FST201 BYS96 1N6460 


| | MAXIMUM RATINGS 
Rating 


NEPS 


ISH 
Kau 


Olirt 


| Peak Repetitive Reverse Voltage. 
Working Peak Reverse Voltage 
DC Blocking Voltage 


MBR20035CT 
MBR20045CT 


Average Rectified Forward Current Per Device 
| (Rated Vg) Tc = 140°C | Per Leg 
| Peak Repetitive Forward Current, Per Leg 
(Rated Vy, Square Wave, 20 kHz), Tc = 140°C 


| Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) _ 


NOTES: . 
1. DIMENSIONS A AND 8 ARE DATUMS AND 
T 1S A DATUM SURFACE AND SEATING 
PLANE. 
2. POSITIONAL TOLERANCE FOR N HOLES: 
[$6 0.13 (0.005) @{T| A @|8 @| 
3, POSITIONAL TOLERANCE FOR Q AND W 
HOLES: 
($160.25 (0.010) @/ TIA @/B @} 
4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


| Peak Repetitive Reverse Current, Per Leg 
| (2.0 ys, 1.0 kHz) See Figure 6 


| Operating Junction and Storage Temperature — Ty, Tstg |-65 to +175. 
| Voltage Rate of Change (Rated Va) | dv/dt | 1000 | Wyus | 


THERMAL CHARACTERISTICS PER LEG 


| Thermal Resistance, Junction to Case RgJc | 05 | ecew i 


ELECTRICAL CHARACTERISTICS PER LEG 


| Instantaneous Forward Voltage (1) 
(ip = 100 Amp, Tc = 125°C) 
(ip = 200 Amp, Tc = 125°C) 
(ip = 200 Amp, Tc = 25°C) 


MILLIMETERS | INCHES | 


CASE 3578-01 
Terminal Penetration 0.315 in. max 
Terminal Torque . . 50-100 Ib.-in. 
Mounting Base Torque 30-40 Ib.-in. 


| Instantaneous Reverse Current (1) 
(Rated de Voltage, Tc = 125°C) 
(Rated de Voltage, Tc = 25°C) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 
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MBR20035CT, MBR20045CT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE. PER LEG 


FIGURE 2 — TYPICAL REVERSE CURRENT, PER LEG 
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FIGURE 4 — POWER DISSIPATION , PER LEG 


Rated Voltage Applied | 


FIGURE 3 — FORWARD CURRENT DERATING, PER LEG 
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quare Wave, Resistive Load 


ated Voltage Applied 
| 50% Duty Cycle 


Square Wave, 50% Duty Cycle 


Tc, CASE TEMPERATURE (°C) 
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FIGURE 6 — TEST CIRCUIT FOR REPETITIVE 


FIGURE 5 — CAPACITANCE, PER LEG 
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MBR30035CT 
MBR30045CT 


SWITCHMODE POWER RECTIFIERS 


... using the Schottky Barrier principle with a platinum barrier metal. 
These state-of-the-art devices have the following features: 


@ Dual Diode Construction — May Be Paralleled For Higher 
Current Output 


@ Guardring For Stress Protection 

@ Low Forward Voltage . 
@ 175°C Operating Junction Temperature 
@ Guaranteed Reverse Avalanche 


MAXIMUM RATINGS 


. Rating 


VRRM 35 Voits 
VRWM 45 | 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
_ DC Blocking Voltage 


MBR30035CT | 
MBR30045CT 


Average Rectified Forward Current Per Device IF(AV) 300, — 
(Rated Vg) Tc = 140°C Per Leg 150 


Peak Repetitive Forward Current, Per Leg 
(Rated Vp, Square Wave, 20 kHz), Tc = 140°C 


Nonrepetitive Peak Surge Current | | 2500 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 
Peak Repetitive Reverse Current, Per Leg Feed coo oigall 


R 
Operating Junction and Storage Temperature tea: -65 to +175 °C 
Voltage Rate of Change (Rated Vr_) | av/t | 1000 | Vis | 


THERMAL CHARACTERISTICS PER LEG 


Thermal Resistance, Junction to Case . Rajc | 04 few | 


(2.0 us, 1.0 kHz) See Figure 6 


ELECTRICAL CHARACTERISTICS PER LEG . |. 


Instantaneous Forward Voltage (1) 
(ig = 150 Amp, Tc = 125°C) 


(ig = 300 Amp, Tc = 125°C) 
(ig = 300 Amp, Tc = 25°C) 


instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) | 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Power Tap and Switchmode are trademarks of Motorola Inc. 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MOTOROLA 


SCHOTTKY BARRIER > 
RECTIFIERS 


300 AMPERES 
35 to 45 VOLTS | 


CASE 357B-01 |. - 
Power Tap® 


Do 1@® 


al 


OTES: 
1. DIMENSIONS A AND 8 ARE DATUMS AND 
TIS A DATUM SURFACE AND SEATING 
PLA 


NE. 
2. POSITIONAL TOLERANCE FOR N HOLES: 


3. POSITIONAL TOLERANCE FOR Q AND W 


HOLES: 


[$[¢ 0.25 (0.010 @[TIA@(B@| 
4. DIMENSIONING AND TOLERANCING PER 
ANSI 14.5, 1973. 7 


CASE 3578-01 
Terminal Penetration 0.315” Max. 
Terminal Torque 50-100 Ib.-in. 
Mounting Base Torque 30-40 Ib.-in. 


MBR30035CT, MBR30045CT 


FIGURE 2 — TYPICAL REVERSE CURRENT (PER LEG) 


FIGURE 1 — TYPICAL FORWARD VOLTAGE (PER LEG) 
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Vp, REVERSE VOLTAGE (VOLTS) 


vg. INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
FIGURE 3 — CURRENT DERATING (PER LEG) 
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Square Wave, Resistive Load- 
50% Duty Cycle 


Rated Voltage Applied 


Rated Voltage Applied 
805 Square Wave, 50% Duty Cycle 
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FIGURE 6 — TEST CIRCUIT FOR REPETITIVE 


Tc, CASE TEMPERATURE (°C) 


REVERSE CURRENT 


FIGURE 5 — CAPACITANCE (PER LEG) 
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[Rating | Symbot_| mBRLo30 | MBRLO4O| Unit _ 


MBRLO3O 


MBRLO40 


-. Advance Information 


SWITCHMODE RECTIFIERS — 


...- designed for use in switching power supplies, inverters, and 
as free wheeling diodes, these devices have the following fea- 
tures: | | 


@ Low Forward Voltage | 
 @ Low Leakage Current n 4 
@ Leadiess Package for Surface Mount Technology 


_ MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage 
DC Blocking Voltage 


VRWM 
VR . 


Average Rectified Forward Current IFIAV) =| 
- (Rated Vp) 
Tc = 75°C, 
Ta = 50°C, Mounting Per Note 1 ; 
Nonrepetitive Peak Surge Current ; i 
(Surge applied at rated load conditions - 
halfwave, single phase, 60 Hz) 
Operating Junction and Storage Temper-| Ty, Tstg —65 to +150. ha 
ature a ; ‘i 


__ THERMAL CHARACTERISTICS 


| Characteristic 
Thermal Resistance, Junction to End Cap | Rac | 180 | 


| 190_| “cw | 
ELECTRICAL CHARACTERISTICS 


[_____Characterists | Symbot_| Typ | Max | Unit 


Instantaneous Foward Voltage (1) 
(ip = 0.1.A, Ty = 25°C) 
lip = 0.5 A, Ty = 25°C) 


Reverse Current 
(Rated dc Voltage, Ty = 125°C) . 0.6 1.0]... 
(Rated dc Voltage, Ty = 25°C) | 0.003 | 0.005 | - 
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


, Switchmode is a trademark of Motorola Inc. 


This document contains information on a new product. Specifications and information herein — 
are subject to change without notice. ; oan 
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| Symbol_| typ | Max | Unit | 


CASE: Glass ss 
FINISH: End caps are plated and are readily 


VE | | Volts 
0.460 | 0.500 | - 
0.610 | 0.650 ee i 
mA 


MOTOROLA 


-LEADLESS 
SCHOTTKY 
RECTIFIERS 


0.5 AMPERE 
30-40 VOLTS 


CASE 362-01 


MECHANICAL CHARACTERISTICS 


solderable 


POLARITY: Cathod indicated by polarity 
band. . 

WEIGHT: 0.2 Gram (approximately). 

MAXIMUM LEAD TEMPERATURE FOR SOL- 


DERING PURPOSES: 230°C, @ end cap for 10 
seconds. . 


MBRLO30, MBRL040 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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FIGURE 3 — TYPICAL CAPACITANCE 
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FIGURE 2 — CURRENT DERATING, PRINTED 


: _ CIRCUIT BOARD MOUNTING 
wt ET | | eames | | 
RaRER ER wee 


Ipk 
—— = (Resistive Load) 
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F(A). AVERAGE FORWARD CURRENT (AMPS) 


Tc, END CAP TEMPERATURE (°C) 


NOTE 1 


Data shown for thermal resistance junction-to- 
ambient (0) for the mounting shown is to be used 
as a typical guideline values for preliminary engi- 
neering or in case the tie point temperature cannot 
be measured. 


TYPICAL VALUES FOR @), IN STILL AIR = 250°C/W 


la | 
LLL LLLLLLLLLLLLLLLLLLLL: 


PC Board with 112" x 112” 
Copper Surface 


MDA1O00A series 


(3N246 thru | AA) MOTOROLA 
3N252) 


MINIATURE INTEGRAL DIODE ASSEMBLIES Eo: 


SINGLE-PHASE 
FULL-WAVE BRIDGE 


ieee RET eee 1.0 AMPERE 
Ign Resistance to Snock an ibration | 50-1000 VOLTS 


High Dielectric Strength 
Built-In Printed Circuit Board Stand-Offs 
UL. Recognized 


. with silicon rectifier chips interconnected and encapsulated into 
voidless rectifier bridge circuits. 


MAXIMUM RATINGS 


3N246 
MDA100A 


3N247 
| MDA101A 


Rating (Per Diode) Symbol! 


VRRM 
VRWM 
VR_ 
127/255 | 382|510 | 640 | Volts 
50 ae 200] 400 | 600}800 | 1000} Volts 


Vrinms) | 35| 70 | | 35] 70 | 70 140|280 | 420] 700 | Voits 


. " ” 
lesm [= 30 (for 1 cycle) ————- 

followed by rated current 

and voltage, Ta = 75°C) 


Operating and Storage Junction ra, T stg | 
Temperature Range —t————-——— -55 to +150 ————-m| °C 


ELECTRICAL CHARACTERISTICS 


. Characteristic 


3N249 
MDA104A 
3N250 
| MDA106A 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Volts 


3N248 
| MDA102A 
3N251 
MDA108A 
3N252 
MDA110A 


| OC Output Voltage 
Resistive Load 
Capacitive Load 


Sine Wave RMS Input Voltage = A | 
Average Rectified Forward 
Current R 
(single phase bridge operation, | | 
resistive load, 60 Hz, 
( 


Ta = 75°C) 


Non-Repetitive Peak Surge 
Current (Preceded and 


AE 


STYLE 1: 
TERM 1. POS 


instantaneous Forward Voltage (Per Diode) 
(ig = 1.57 Amp, Ty = 25°C) 


Reverse Current (Per Diode) 
(Rated Vr, Ta = 25°C) 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Moided Plastic MOUNTING POSITION: Any 
POLARITY: Terminal-designation on case WEIGHT: 1.8 grams (approx) 


Pin 1 (+) for DC output TERMINALS: Readily solderable CASE 312-02 


Pin 4 (-) for DC output connections, corrosion resistant. 
Pins 2 and 3 (AC) for AC input 
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MDA100A Series (3N246 thru 3N252) 


SINGLE DIODE CHARACTERISTICS 


MAXIMUM RATINGS, BRIDGE OPERATION 


FIGURE 4 — MAXIMUM FORWARD VOLTAGE 


FIGURE 1 — CURRENT DERATING 
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Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD RECOVERY TIME 


FIGURE 2 — POWER DISSIPATION 
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FIGURE 6 — REVERSE RECOVERY TIME 


FIGURE 3 — SURGE CURRENT 
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MDA200 series 


(3N253 thru (MM) MOTOROLA 
3N259) 


MINIATURE INTEGRAL DIODE ASSEMBLIES 


cs 


SINGLE-PHASE 
FULL-WAVE BRIDGE 


2.0 AMPERES 
50-1000 VOLTS 


. With silicon rectifier chips interconnected and encapsulated into 
voidiess rectifier bridge circuits. 


@ High Resistance to Shock and Vibration 
@ High Dielectric Strength | 


Built-In Printed Circuit Board Stand-Offs 


UL Recognized 
RO ja = 60°C/W 


MAXIMUM RATINGS 


3N254 
MDA201 


Rating (Per Diode) 


3N258 
MDA208 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage | 


—3N256 
MDA204 
3N257 
MDA206 


DC Output Voltage 
Resistive Load 
Capacitive Load 


127] 255] 3821510 
a i 400 | 600/800 


<< 
DD 
=D 
z= 
3N253 
MDA200 


og 3N259 
318 ra) MDA210 


Volts 
Volts 


700 


Average Rectified Forward 
Current 

(single phase bridge operation, 
resistive load, 60 Hz, 
Ta = 55°C) 
Non-Repetitive Peak Surge 
Current (Preceded and 
followed by rated current 
and voltage, Ta = 55°C) 


ELECTRICAL CHARACTERISTICS 
Character istic 


Instantaneous Forward Voltage (Per Diode) 
(ig = 3.14 Amp, Ty = 25°C) 


Reverse Current (Per Diode) 


| MIN | MAX 
| 14.99 | 15.49 | 
| 5.08 | 
(Rated Vp, Ta = 25°C) 


| 0.590 | 
Pe 
| 0.76 | 1.02 | 0.030 | 0. 
1.02 1.27 | 0.040 | 
3.68 | 3.94 | 0.145, 
| 0.56 | 0.71 | 0.022 | 0. 
= 802 t= 
L_| 1.78 | 2.03 | 0.070 | 
rN | 254] 2.79 | 0.10010. 
|R_| 9.40 [10.03 | 0.370 | 


} MECHANICAL CHARACTERISTICS 


CASE: Transfer Moided Plastic MOUNTING POSITION: Any 
POLARITY: Terminal-designation on case WEIGHT: 1.8 grams (approx): 
Pin 1 (+) for DC output TERMINALS: Readily solderable 
Pin 4 (-) for DC output connections, corrosion resistant. 


Pins 2 and 3 (AC) for AC input, 


CASE 312-02 
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MDA200 Series (3N253 thru 3N259) 


SINGLE DIODE CHARACTERISTICS 


MAXIMUM RATINGS, BRIDGE OPERATION 
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FIGURE 4 — MAXIMUM FORWARD VOLTAGE 
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FIGURE 1 — CURRENT DERATING 
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FIGURE 5 — FORWARD RECOVERY TIME 


FIGURE 2 — POWER DISSIPATION 


Qo 

> 
= 
° 
N 


_ 
[a 
@ 

_/ 
lee 
@ 

~— 


(SLLWM) NOILWdISSIO H3MOd TWLOL ‘td 


ip, FORWARD CURRENT (AMP) 


10, (lAVG), DC OUTPUT CURRENT (AMP) 


FIGURE 6 — REVERSE RECOVERY TIME 


FIGURE 3 — SURGE CURRENT 
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| Designers Data Sheet 


SINGLE-PHASE 
FULL-WAVE BRIDGE 


| _ MINIATURE INTEGRAL DIODE ASSEMBLIES 


. . . passivated, diffused-silicon dice interconnected and transfer 
molded into voidless hybrid rectifier circuit assemblies. 


@ Large Inrush Surge Capability — 45 A (For 1.0 Cycle) 


@ Efficient Thermal Management Provides Maximum Power Handling 
in Minimum Space 


1.5 AMPERES 
25-1000 VOLTS 


_ Designers Data for “‘Worst Case” Conditions 


The Designers DataSheet permits the design.of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate “worst case’’ design. 


MAXIMUM RATINGS 


Rating (Per Leg) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 


DC Blocking Voltage 


DC Output Voltage 
Resistive Load 
Capacitative Load 


Average Rectified Forward 

Current 
(single phase bridge 
resistive load, 60 Hz, 

see Figure 6, Ta = 50°C 


Non-Repetitive Peak Surge 
Current, (see Figure 2) 
rated load, Ty = 175°C 


45 for 1 cycle ————_——» 


Ty, Tstg -55 to +175 ———___——_m» 


Maximum Instantaneous Forward Voltage Drop 
(Per Leg) (ig = 2.4 Amp, Ty = 25°C) Figure 1 


Operating and Storage Junction 


Temperature Range NOTES: 
1, LEAD DIM “D" TO BE 


MEASURED WITHIN “F” 


2, LEADS FORMED TO FIT INTO 
HOLE 0.94 mm (0.037) MIN. 


THERMAL CHARACTERISTICS 


Characteristic _ 
Effective Bridge Thermal Resistance, 
Junction to Ambient (Full-Wave Bridge Operation, 
Typical Printed Circuit Board Mounting) 


2.79 | 0.090 | 0.110 | 
| 0.51 | 0.94 | 0.020 | .0.037 |: 


MECHANICAL CHARACTERISTICS 


CASE: Transfer-molded plastic encapsulation. MOUNTING POSITION: Any 
POLARITY: Terminal-designation embossed WEIGHT: 1.0 gram (approx) 


| 6.60 | 10.16 | 
|b J 19.30 | 27.05 | 0.760 | 1.065 | 


CASE 109-03 


oncase +DC output _ TERMINALS: Readily solderable 
-DC output connections, corrosion resistant. 
~ AC input 
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MDA920A1 thru MDA920A9 


FIGURE 1 — FORWARD VOLTAGE (PER LEG) 
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FIGURE 2 — MAXIMUM SURGE CAPABILITY 


Wot ii 
PoE 


RATED LOAD CONDITIONS (Ty = 175°C) ld 


Pers SURGE CONDITIONS APPLIED AT 


Varo APPLIED AFTER SURGE 


See Ey 
Pi 7aala 
eaAeeati 
=r ee 


50 


E 
0 
NUMBER OF CYCLES AT 60 Hz 


Te 


FIGURE 3 — FORWARD VOLTAGE 
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FIGURE 4 — TYPICAL THERMAL RESPONSE 
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MOUNTING. LEAD 
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Lan} 
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MDA920A1 thru MDA920A9 


- FIGURE 5 — POWER DISSIPATION 


OPERATION 
(ia = 1B) 


Py, TOTAL POWER DISSIPATION (WATTS) 


1g, (lavg), OC OUTPUT CURRENT (AMP) 


FIGURE 6 — CURRENT DERATING 


FULL WAVE BRIDGE OPERATION 
(1a = tg) . . 


Ig, BC OUTPUT CURRENT (AMP) 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — BASIC CIRCUIT USES FOR BRIDGE RECTIFIERS 


CIRCUITA 


CIRCUIT B 


APPLICATION NOTE 


The Data of Figure 4 applies for typical wire terminal or printed 
circuit board mounting conditions in still air. Under these or simi- 
lar conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther- 
mal resistance from junction to ambient. Consequently, the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 


if operation is within the diode temperature ratings. The lead having : ~ 


the highest thermal resistance to the ambient will yield readings 


closest to the junction temperature. By measuring temperature as’ 


outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 
Bridge rectifiers are used in two basic circuit configurations as 
shown by circuits A and B of Figure 7. The current derating data 
of Figure 6 applies to the standard bridge circuit (A), where la = Ip. 
The derating data considers the thermal response of the junction 
and is based upon the criteria that the junction temperature must 
not exceed rated Tj(max) when peak reverse voitage is applied. 
However, because of the slow thermal response and the close ther- 


mal coupling between the individual semiconductor die in the 
MDA920A assembly, the maximum ambient temperature is given 
closely by 


Ta = Ty(max) -ReJsa PT 


where P+ is the total average power dissipation in the assembly. 

For the circuit of Figure B, use of the above formula will yield 
suitable rating information. For example to determine TA(max) 
for the conditions: 


ia =0.5 A, Ipk =10 lavg 
Ig =1.0A, Ipk = 18 lavg 


From Figure 5: For Ia, read Ppa ~ 0.8 W 
For Ip, read Ppg + 2.2W 


Pr = (Pra t+ Prg)+2=1.5W 


(Division by 2 is necessary as data from Figure 5 is for full-wave 
bridge operation.) -. Ta(max) = 175° - (50) (1.5) = 100°C. 
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MDA920A1 thru MDA920A9 


FIGURE 8 — FORWARD RECOVERY TIME 
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FIGURE 10 — RECTIFICATION WAVEFORM EFFICIENCY 
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FIGURE 9 — REVERSE RECOVERY TIME 
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FIGURE 11 ~— CAPACITANCE 
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RECTIFIER EFFICIENCY NOTE 


FIGURE 12 — SINGLE-PHASE FULL-WAVE 
BRIDGE RECTIFIER CIRCUIT 


The rectification efficiency factor o shown in Figure 10 was 
calculated using the formula: 
V2,(de) 
Pid Re V2, (de) 
Bas - 100% = : 

” Pleriat “V2airms) 


V2,(ac) + V29(de) 


Re 


For a sine wave input Vp, sin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 


- 100% (1) 


4v2, 
n2R 8 
S(sine) = - 100% = i 100% = 81.2% ~ (2) 
V24 T 
2Ri 


V2n 
For a square wave ee 
input of amplitude Vin, L _ 

the efficiency factor % (square) ~ en 100% = 100% (3) 


becomes: Vem 


Re 

As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing. in an increasing ac voltage component across Ry which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 
' 't should be emphasized that Figure 10 shows waveform effi- 
ciency only; it does not provide a measure of diode losses. Data 
was obtained by measuring the ac component of Vo with a true 
rms ac voltmeter and the dc component with a dc voltmeter. The 
data was used in Equation 1 to obtain points for Figure 10. 
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MDA970A1 


thru 7 MOTOROLA 
MDA970A6 — a | | 


Designers Data Sheet eS 
SINGLE-PHASE | 
FULL-WAVE BRIDGE 


INTEGRAL DIODE ASSEMBLIES 


... diffused silicon dice interconnected and transfer molded into 
rectifier circuit assemblies for use in application where high output 
current/size ratio is of prime importance. These devices feature: 


®@ Void-free, Transfer-molded Encapsulation to Assure High 
Resistance to Schock, Vibration, and Temperature Extremes 


@ High Dielectric Strength 
@ Simple, Compact Structure for Trouble-free Performance 
@® High Surge Capability — 100 Amps 


4 AMPERES 
60-600 VOLTS 


Designers Data for ‘’Worst Case’’ Conditions 
_ The Designers Data Sheet permits the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on device 
characteristics — are given to facilitate ‘‘worst case’’ design. 


Vo 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
| «Rating =————S—Ss:s Symbol | MDAQ7OA1 | MDA970A2 | MDA970A3 | MDA970A5 | MDA970A6 | Unit | 
Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM Volts 
DC Blocking Voltage VR 
AMS Reverse Voltage Vanms)| 38 | 70 F280 [| 420__| volts | 
DC Output Voltage Volts 
Resistive Load Vdc 
Capactive Load Vdc 
Average Rectified Forward Current 
Ta = 25°C 40 
Tc = 55°C ee 3.1) 
Nonrepetitive Peak Surge Current 100 
(surge applied at rated load 
conditions, Ty = 150°C) 


—————————————————— -65 to +150 


NOTES: 

1, LEADS ARE SQUARE AND OFFSET ON 
PACKAGE (DiM L) TO ALLOW FOR 
AUTOMATED EQUIPMENT LOADING. 

2. DIMENSIONS G & L SHALL BE MEASURED 
AT THE REFERENCE PLANE. 

C _3._- DIMENSIONS R, W AND U APPLY TWO 
ES. 


Max 
Symbol | (Per Die) 


| Thermal Resistance, Junction to Case | Each Die RgJc 


Effective Bridge | Raerr)| 7.75 | nas 
| : - 

| tal 
D K PLANE | 


[min | Max | 


[A _| 22.35 | 23.37 | 0.880 | 0.920 | 
|B | 6.35 | 7.37 | 0.250 | 0.290 | 
| 18.54 | 19.56 | 0.730 | 0.770 | 

| 0.035 | 0.045 | 


Instaneous Forward Voltage (Per Diode) 
(if = 6.28 Amp, Ty = 25°C) 
(ig = 6.28 Amp, Ty = 150°C) 
Reverse Current 
(Rated Vary applied to ac terminals, 
+ and - terminals open, Ta = 25°C) 


CASE: Transfer-molded plastic encapsulation. 
FINISH: All external surfaces are corrosion-resistant. Leads are readily solderable. 
POLARITY: Embossed symbols | 

AC input = ~ DC output = + DC output = - 
MOUNTING POSITION: Any 


CASE 117A-02 


WEIGHT (Approximately): 7.5 Grams 


MOUNTING TORQUE: 5 in.-lb. Max Ae ae ear Deane] One 
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MDA970A1 thru MDA970A6 


FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY 
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FIGURE 3 — FORWARD VOLTAGE 
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FIGURE 4 — TYPICAL THERMAL RESPONSE 
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MDA970A1 thru MDA970A6 


MAXIMUM CURRENT RATINGS, BRIDGE OPERATION 


DERATING 
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FIGURE 6 — AMBIENT TEMPERATURE 
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FIGURE 5 — CASE TEMPERATURE 
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TYPICAL DYNAMIC CHARACTERISTICS (EACH DIODE) 


FIGURE 8 — REVERSE RECOVERY TIME 


FIGURE 7 — RECTIFICATION EFFICIENCY 


: mul 
Ze er, 


50 70 100 


30 


20 


5.0 7.0 10 


2.0 3.0 


1.0 


(%) AIN31IDIS43 AAILV14y 


REPETITION FREQUENCY (kHz) 


tR/If, RATIO OF REVERSE TO FORWARD CURRENT 


FIGURE 9 — JUNCTION CAPACITANCE 


FIGURE 10 — FORWARD RECOVERY TIME 
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MDA970A1 thru MDA970A6 


FIGURE 11 — POWER DISSIPATION 


NOTE: The l(pK)/I(AV) ratio 
refers to a single diode; 
POT(AV) refers to the 
package dissipation. 
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NOTE 1: THERMAL COUPLING AND EFFECTIVE THERMAL 


RESISTANCE 
In multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 


(1) oTy4 = Req Por + Rea Koa Ppa + Re3 Kg3Pp3 
+ Roa Ko4 Pog 

Where aT 44 is the change in junction temperature of diode 1 

Rg 1 thru 4 is the thermal resistance of diodes 1 through 4 

Pp1 thru 4 is the power dissipated in diodes 1 through 4 

Kg? thru 4 is the thermal coupling between diode 1 and 

diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) Re(EFF) = 4T51/PpT 

where: Ppt is the total package power dissipation. 

Assuming equa! thermal resistance for each die, equation (1) 

simplifies to 


(3) 4754 = Re (Poi + Kea Pp2 + Ka 3Pp3 + Ke4 Ppa) 

For the conditions where Pp 4 = Pp? = Pp3 = Ppg, Pot =4Pp 
equation (3) can be further simplified and by substituting into 
equation (2) results in 


(4) Ro(EFF) = Re 1(1 + Kgo+ Kg3t+ Kgq4)/4 


For this rectifier assembly, thermal coupling between opposite 
diodes is 65% and between adjacent diodes is 72.5% when the case 
temperature is used as a reference. When the ambient temperature 
is used as the reference, the coupling is a function of the mounting 
conditions and is essentially the same for opposite and adjacent 
diodes. 

The effective bridge thermal resistance, junction to ambient, 
is (from equation 4). 


(5) Re(EFF)IA = Regal1+3Kg (avysa)/4 


Where: Ko (Avisa ~ (Ke(avysc Resct Reca)/RO sa 
and Kg(AVv)Jc is approximately 70%. Rec, is the case to 
ambient thermal resistance. 


FIGURE 12 — BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 


CIRCUIT B 


NOTE 2: SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 12. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
1a = |g. For circuit B where |, #1, derating information can be 
calculated as follows: 


(6) TR(MAX) = THMAX) — 471 

Where TR(MAX) is the reference temperature (either case or 
ambient) 

AT j1 can be calculated using equation (3) in Note 1. 

For example, to determine Tc(max) for the following load 
conditions: 

1a = 3.1 A average with a peak of 11.2A 

ig = 1.55 A average with a peak of 6.8 A 
First calculate the peak to average ratio for !a. I(pK)/l(Ay) = 


11.2/1.55 = 7.23 (Note that the peak to average ratio is on a per 
diode basis.) 


From Figure 11, for an average current of 3.1 A and an l(px)/ 
l(AV) = 7.23 read Pray) = 4.8 watts or 1.2 watts/diode 
Pp = Pp3 = 1.2 watts. 


Similarly, for a load current !g of 1.55 A, diode #2 and diode 
#4 each see 0.775 A average resulting in an 1(px)/l(ay) © 8.8. 


Thus, the package power dissipation for 1.55 A is 2.3 watts or 
0.575 watts/diode -- Pog = Pp4 = 0.575 watts. 


The maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 4T y4 = 9[1.2 +.65(.575) +.725 
(1.2) + .725 (.575)] 


ST 54 © 26°C 
Thus Tc(MAX) = 150-26 = 124°C 
The total package dissipation in this example is: 


Py=2X 1.2 + 2 X 0.575 © 3.6 watts 


(Note that although maximum Re jc is 10°C/watt, 9°C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value.) 


Under typical wire terminal or printed circuit board mounting 
conditions, the thermal resistance between the diode junctions 
and the leads at the edge of the case is a small fraction of the ther- 
mal resistance from junction to ambient. Consequently, the lead 
temperature is very close to the junction temperature. Therefore, 
it is recommended that the lead temperature be measured when the 
diodes are operating in prototype equipment, in order to determine 


NOTE 3 


if operation is within the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will yield readings 
closest to the junction temperature. By measuring temperature as 
outlined, variations of junction to ambient thermal resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, as well as proximity 
of other heat sources cease to be important design considerations. 
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| Operating and Storage Junction Ty.Tstg 
Temperature Range 


MDA980-1 thru 
MDA980-6 


-MDA990-1 thru 
MDAS90-6 — 


MOTOROLA 


Designers Data Sheet 


SINGLE-PHASE 
FULL-WAVE BRIDGE 


RECTIFIER ASSEMBLY | 
. utilizing individual void-free molded MR2500 Series rectifiers, 

interconnected and mounted on an electrically isolated aluminum 

heat sink by a high thermal-conductive epoxy resin. 

@ 400 Ampere Surge Capability 

@ Electrically Isolated Base 

@ Cost Effective in Lower Current Applications 


12 and 30 AMPERES 
50 thru 600 VOLTS 


Designers Data for ‘‘Worst Case” Conditions 

The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


OC Output Voltage 
Resistive Load 
Capacitive Load 


Average Rectified Forward Current 

(Single phase bridge resistive load, 
60 Hz, Tc = 55°C) MDA980 
—_ MDAS990 


Non-Repetitive Peak Surge Current lesm 
(Surge applied at rated load conditions) ————— 


THERMAL CHARACTERISTICS 

. | Characteristic 

Thermal Resistance, Junction to Case Each ‘Di MDA980 
: ach =? MDAQ90 


Effective Bridge MDA980 
MD A9S0 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 
Characteristic | 


Instantaneous Forward Voltage (Per Diode) 
(if =18.9 A) MDA980 
(ig =47 A) MD A990 
(ig = 18.9 A, Ty = 175°C) MDA980 


(ig =47 A, Ty = 175°C) MDAS990 
Reverse Current | 
(Rated Vr applied to ac terminals, + and - 
terminals open) 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 


FIGURE 2 — MAXIMUM SURGE CAPABILITY 


FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 4 — TYPICAL THERMAL RESPONSE 
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-MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 | 


MAXIMUM CURRENT RATINGS, BRIDGE OPERATION 


FIGURE 5 — MDA980 CURRENT DERATING 


“i 
im 
ws 
=~ 
ol 
i=} 


NOTE: The l(pK)/I(av) ratio 
refers to a single diode. 
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FIGURE 7 — RECTIFICATION EFFICIENCY 
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FIGURE 9 — REVERSE RECOVERY TIME 
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FIGURE 6 — MDA990 CURRENT DERATING 


NOTE: The I(PK)/I(Av) ratio 
refers to a single diode. 
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FIGURE 8 — JUNCTION 
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MDA980-1 thru MDA980-6, MDA990-1 thru MDA990-6 


FIGURE 11 — POWER DISSIPATION 
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FIGURE 12 — CURRENT VERSUS AMBIENT TEMPERATURE 
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NOTE 1 — THERMAL COUPLING AND EFFECTIVE 
THERMAL RESISTANCE 


In multiple chip devices where there is coupling of heat between 
die, the junction temperature can be calculated as follows: 


(1) 4Ty1 = Ro 1 Pp2 + Re2Ke2Pp2 + Re3ke3Pp3 


+ Re4Ke4 Pog 
Where aT 4 is the change in junction temperature of diode 1 


Re 1 thru 4 is the thermal resistance of diodes 1 through 4. 


Pp1 thru 4 is the power dissipated in diodes 1 through 4 
Ke2 thru 4 is the thermal coupling between diode 1 and 
diodes 2 through 4. 


An effective package thermal resistance can be defined as 
follows: 


(2) Re(err) = oT y1/Por 


Where: Ppt is the total package power dissipation. 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) 4754 = Rgi(Pp4 + Ke2 Pp2 + Ka3 Pp3 + Kea Ppa) 

For the condition where Pp4 = Pp2 = Pp3 =Pp4, Pot = 4Pp1 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) Ro(EFF) = Ror (1+ Kg2 + Kg3 + Kgq)/4 

For the MDAQ80 rectifier assembly, thermal coupling between 
opposite diodes is 42% and between adjacent diodes is 50% when 
the case temperature is used as a reference. Similarly for the 
MDAQ90, thermal coupling between opposite diodes is 12% and 
between adjacent diodes is 20%. 


NOTE 2 — SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
in circuits A and B of Figure 13. The current derating data of 
Figures 5 and 6 apply to the standard bridge circuit (A) where 
Ia = Ip. For circuit B where |, Ip, derating information can be 
calculated as follows: 


(5) TR(MAX) = TI(MAX) — 47514 


Where TR(MAX) is the reference temperature (either case or 
ambient) 


ST 34 can be calculated using equation (3) in Note 1. 


For example, to determine Tc(max) for the MDA990 with 
the following capacitive load conditions: 


1a = 20A average with a peak of 86 A 
Ip = 10A average with a peak of 72 A 


First calculate the peak to average ratio for la. l(pK)/l(ay) = 
86/10 = 8.6. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 10A average). 


From Figure 11, for an average current of 20 A and an WpK)/ 
Wav) = 8.6 read Pot(Ay) = 40 watts or 10 watts/diode. Thus 
Pp1 = Pp3 = 10 watts. 

Similarly, for a load current |g of 10 A, diode #2 and diode #4 
each see 5.0 A average resulting in an I(pK)/I(ay) © 14.4 

Thus, the package power dissipation for 10 A is 20.2 watts or 
5.05 watts/diode. .: Pog =Ppq4 = 5.05 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (3) for diode #1 aTy, = 5.6 [10 + 0.12 
(5.05) + 0.2 (10) + 0.2 (5.05)]. 


AT 54 © 76°C 

Thus Tc(MAX) = 175-76 = 99°C 

The total package dissipation in this example is: 
Py=2x 10+ 2x 5.05 © 30.1 watts 


(Note that although maximum Rgjc is 6°C/W, 5.6°C/watt is 
used in this example and on the derating data as it is unlikely that 
all four die in a given package would be at the maximum value). 


FIGURE 13 — BASIC CIRCUIT USES FOR BRIDGE 
RECTIFIERS 


TE). 


CIRCUIT A 
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CIRCUIT B 


MDAQ80-1 thru MDA980-6, MDA990-1 thru MDA990-6 


MECHANICAL CHARACTERISTICS 


CASE: Transfer-molided plastic encapsulation 


POLARITY: Terminal-designation embossed on case 
+DC output 
~DC output 
AC not marked 


MOUNTING POSITION: Bolt down-highest heat transfer efficiency accom- 


plished through the surface opposite the terminals. 
WEIGHT: 40 grams (approx.) 


TERMINALS: Suitable for fast-on connections, readily solderable connections, 
corrosion resistant. 


MOUNTING TORQUE: 20 in. Ib. Max. 


OUTLINE DIMENSIONS 


REFERENCE 
¢ PLANE 


Heatsink 


1. DIM “OQ” SHALL BE 
MEASURED ON 
HEATSINK SIDE OF 
PKG. 


| 
| 
| 
j 
| 
) 
| 
( 
| 


2. DIMENSIONS F AND G 
: SHALL BE MEASURED 
AT THE REFERENCE PLANE. 


yg AGREES twcHes 
| | MIN | MAX | MIN | MAX | 
| |_A | 34.80 | 35.18 | 1.370] 1.385 | 


CASE 309A-02 


3-182 


(AA) MOTOROLA MDA2500 series 


RECTIFIER ASSEMBLY 


... utilizing individual void-free molded rectifiers, interconnected 
and mounted on an electrically isolated aluminum heat sink by 
a high thermal-conductive epoxy resin. 


no: 
SINGLE-PHASE 


FULL-WAVE BRIDGE 


25 AMPERES 
50-600 VOLTS 


@ 400 Ampere Surge Capability 
@ Electrically Isolated Base 

@® UL Recognized 

® 1800 Volt Heat Sink Isolation 


MAXIMUM RATINGS 


Rating (Per Diode) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


DC Output Voltage 
Resistive Load 
Capacitive Load 


Sine Wave RMS Input Voltage 


Average Rectified Forward Current 
(Single phase bridge resistive load, 
60 Hz, Tc = 55°C) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load 
conditions) 


REFERENCE 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 
Each Die 
Total Bridge 


Characteristic | Symbo! | Min | 

Cen ee ee 
(i¢ = 40 A) . 

i257 
(Rated Vp) 


MECHANICAL CHARACTERISTICS 


NOTES: 

1. DIMENSION “OQ” SHALL BE 

MEASURED ON HEATSINK 
SIDE OF PACKAGE. 

2. DIMENSIONS “F” AND “G” 

SHALL BE MEASURED AT 

THE REFERENCE PLANE. | 


CASE: Plastic case with an electrically isolated aluminum 
base. 


POLARITY: Terminal designation embossed on case: 

+DC output 
~DC output 
AC not marked 

MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accom- 
plished through the surface opposite the terminals. 
Use silicone heat sink compound on mounting 

surface for maximum heat transfer. 

WEIGHT: 25 grams (approx.) 

TERMINALS: Suitable for fast-on connections. Readily solderable, 
corrosion resistant. Soldering recommended for 
applications greater than 15 amperes. 

MOUNTING TORQUE: 20 in. Ib. max. 


0.174 | 0.184 


CASE 309A-03 
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MDA2500 Series 


ig, INSTANTANEOUS FORWARD CURRENT (AMP) 
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Ip. AVERAGE OUTPUT CURRENT (AMP) 


FIGURE 1 ~ FORWARD VOLTAGE 


ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 4 — CURRENT DERATING 


NOTE: Ipx/lay Ratio 
Refers to a 


Single Diode 
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Tc, CASE TEMPERATURE (°C) 
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PoT(Av), TOTAL AVERAGE POWER 
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lesm, PEAK HALF WAVE CURRENT (AMP) 


COEFFICIENT (mvV/°C) 


DISSIPATION (WATTS) 


FIGURE 2 — NON REPETITIVE SURGE CURRENT 
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VRRM May be applied between. 
each cycle of surge. The Ty noted 
is Ty prior to surge. 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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IF(AV) 


x (Resistive and — 
Inductive Loads) 


OTE: The lfy/I(Av) ratio refers to a 
single diode; PoT(Ay) refers to 
the package dissipation. 


Ig, AVERAGE LOAD CURRENT (AMP) 
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FIGURE 7 — CAPACITANCE 


HET TN 
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NOTE 1 
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where A Tjc is the increase in junction temperature above the case temperature. It may be 
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FIGURE 8 — FORWARD RECOVERY TIME 


r(t) = normalized value of transient thermal resistance at time, t, from Figure 6, i.e., 
(17 + tp) = normalized value of transient thermal resistance at time ty + tp. 


ATC =Ppk @ Rasc [0 + (1— D) © city + ty) + rtp) - e(ty)] 


the temp 
to the c 
where 


-MDA2500 Series 
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iF(Av), AVERAGE FORWARD CURRENT (AMP) 


MDA2500 Series 


AMBIENT TEMPERATURE DERATING INFORMATION 


FIGURE 10A — THERMALLOY HEAT SINK 6005B 


40 60 80 100 120 140 160 180 
Ta, AMBIENT TEMPERATURE (°C) 


NOTE 2: THERMAL COUPLING AND 
EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices where there is coupling of heat be- 
tween die, the junction temperature can be calculated as follows: 


(1) ATJ1 = ReiPp1 + Re2Ke 2Pp2 + Re3ke3Pp3 + Reake4Pp4 
where ATy1 is the change in junction temperature of diode 1, 
Rg 1 through 4 is the thermal resistance of diodes 1 through 4, 
Pp1 through 4 is the power dissipated in diodes 1 through 4, 
Kg2 through 4 is the thermal coupling between diode 1, and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 


(2) Re(EFF) = ATy1/PptT 


where Ppt is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1) 
simplifies to 


(3) ATjq = Rei(Pp1 + Ke 2Pp2 + Kg3Pp3 + Kg4Ppa4) 
For the conditions where Pp, = Ppg2 = Pp3 = Ppa. Ppt = 
4 Pp1, equation (3) can be further simplified and ae substituting 
into equation (2) results in 
(4) Ro(eEFF) = Re1(1 + Koa + Keg + Kgq)/4 


- When the case is used as a reference point, coupling between 
opposite die is negligible for the MDA2500, and coupling between 
adjacent die is approximately 6%. 


IF(AV). AVERAGE FORWARD CURRENT (AMP) 


FIGURE 108 — [ERC.-HEAT SINK UP3 
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Ta, AMBIENT TEMPERATURE (°C) 


NOTE 3: SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 11. The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where ta = Ip. 
For circuit B where |, = Ip, derating information can be calculated 
as follows: 


(6) TR(max) = Ti(max) ~ 4751 


Where Trimax) is the reference temperature (either case 
or ambient), AT j1 can be calculated using equation (3) in Note 2. 

For example, to determine TC(max) for the MDA2500 with 
the following capacitive load conditions: 


I = 20 A average with a peak of 60 A, | 

Ig = 10 A average with a peak of 70A, 
first calculate the peak to average ratio for Ia. I(pK)/l(ay) = 
60/10 = 6.0. (Note that the peak to average ratio is on a per diode 


_ basis and each diode provides 10 A average.) 


From Figure 5, for an average current of 20 A and an l(px)/ 
(av) = 6.0, read Port(ay) = 40 watts or 10 watts/diode. Thus 
PD1 = Pp3 = 10 watts. 

Similarly, for a load current Ig of 10 A, diode #2 and diode 
#4 each see 5.0 A average resulting in an lipK)/I(ay) = 

Thus, the package power dissipation for 10 A is 20 watts or © 
5.0 watts/diode. Therefore, Pp2 = Pp4 = 5.0 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3, From equation (3) for diode #1, 


AT j1 = 10[10 + 0(5) + 0.06(10) + 0.06(5)} 
AT 31 = 109°C. 


Thus, Tc(max) = 175 - 109 = 66°C. 
The total package dissipation in this example is 


PoT(AV) = 2x 10+ 2x 5.0 = 30 watts, 


which must be considered when selecting a heat sink. 


FIGURE 11 — BASIC CIRCUIT USES FOR 


BRIDGE RECTIFIERS - 


Circuit A 


Circuit B 
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MDA2550 
SS) MOTOROLA MDA2551 


~ Es 
SINGLE-PHASE 
FULL-WAVE BRIDGE 


RECTIFIER ASSEMBLY 


. utilizing individual void-free molded rectifiers, interconnected 
and mounted on an electrically isolated aluminum heat sink by a 
high thermal-conductive epoxy resin. 


25 AMPERES 


@ 400 Ampere Surge Capability 50-100 VOLTS 


@ Electrically lsolated Base — 1800 Volts 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 


Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 
DC Output Voltage Cc 


Resistive Load 
Capacitive Load 


Sine Wave RMS Input Voltage 


Vd 
30 
50 

VR(RMS) vere 
Amp 


Average Rectified Forward Current 


(Single phase bridge resistive load, : K 
60 Hz, Tc = 55°C) i,t Jo 
Nonrepetitive Peak Surge Current cone REFERENCE 
(Surge applied at rated load C PLANE 
conditions) pee 
HEATSINK 
A TEMPERATURE 
REFERENCE POINT 


Each Die 
Total Bridge 


A 


NOTES: : 

1. DIMENSION “Q” SHALL BE 
MEASURED ON HEATSINK 
SIDE OF PACKAGE. 

2. DIMENSIONS “F” AND “G” 


[Characteristic sd 
Instantaneous Forward Voltage 
(Per Diode) (ip = 55 A) 
Reverse Current (Per Diode) 
(Rated VR) _ 


SHALL BE MEASURED AT 

MECHANICAL CHARACTERISTICS coe METERENUP EE 
CASE: Plastic case with an electrically isolated aluminum base al EL ETOS | _INCHES _ 
POLARITY: Terminal-designation embossed on case i RIN a 
*DC output 12.44 | 13.97 | 0.490 | 0.550 _| 
-DC output [6.60 | 0.240 | 0.260 | 


AC not marked 
MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accomplished 


through the surface opposite the terminals. Use silicon heat sink compound on 
mounting surface for maximum heat transfer. 

WEIGHT: 25 grams (approx.) 

TERMINALS: Suitable for fast-on connections. Readily solderable, corrosion resis- 
tant. Soldering recommended for applications greater than 15 amperes. 

MOUNTING TORQUE: 20 in. Ib. max. 
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MDA2550, MDA2551 


Ig, AVERAGE OUTPUT CURRENT (AMP) 


if, INSTANTANEOUS FORWARD CURRENT (AMP) 
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FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING 


NOTE: Ipy/lay Ratio 
Refers to a 
Single Diode 
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FIGURE 2 ~ NON REPETITIVE SURGE CURRENT 
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FIGURE 3 ~ FORWARD VOLTAGE 
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FIGURE 5 — FORWARD POWER DISSIPATION 


lF(AV) 


PpT(av), TOTAL AVERAGE POWER 
DISSIPATION (WATTS) 
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FM) . n (Resistive and 
Inductive Loads) 


Lee 
AON oe VN 
= ae 


-Ty= 175°C 
NOTE: The lEM/I(ay) ratio reters to a 
single diode; PoT(AV) refers to 
the package dissipation. 


ip, AVERAGE LOAD CURRENT (AMP) 


FIGURE 6 — TYPICAL THERMAL RESPONSE 


MDA2550, MDA2551 
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Is peak of an 


= rltq)] 


PEAK POWER, Pox, 
TIME = equivalent square power pulse. 


DUTY CYCLE, 0 = tp/ty 
so that it will not significantly respond to heat surges 


d be measured using a thermocouple placed on the case at 
of pulsed operation once steady state conditions are achieved. 


ee the outline drawing on page 1). The thermal mass connected 
junction temperature may be determined by: 


Ty=TC+ ATC 
where A Tyjc ts the increase in junction temperature above the case temperature. It may be 


a 
| | 
a 
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NOTE 1 


ine maximum junction temperature of the diode in a given situation, the following 
r{t) = normalized value of transient thermal resistance at time, t, from Figure 6, i.e., 
r (tq + tp) = normalized value of transient thermal reststance at time ty + tp. 
FIGURE 8 — FORWARD RECOVERY TIME 
i¢, FORWARD CURRENT (AMP) 
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MDA2550, MDA2551° 


AMBIENT TEMPERATURE DERATING INFORMATION 


FIGURE 10A — THERMALLOY HEAT SINK 6005B 
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Ta, AMBIENT TEMPERATURE (°C) 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 


NOTE 2: THERMAL COUPLING AND 
EFFECTIVE THERMAL RESISTANCE 


In multiple chip devices where there is coupling of heat be- 
tween die, the junction temperature can be calculated as follows: 


(1) ATJ1 = Re1Pp1 + Re ake 2Pp2 + Re3ke3Pp3 + Reake4Pp4 
where AT 1 is the change in junction temperature of diode 1, 
Rg 1 through 4 is the thermal resistance of diodes 1 through 4, 
Pp 1 through 4 is the power dissipated in diodes 1 through 4, 
Ke2 through 4 is the thermal coupling between diode 1, and 
diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: . 


(2) Re(eFF) = ATy4/PpT 


where Pp T is the total package power dissipation. 
Assuming equal thermal resistance for each die, equation (1) 
simplifies to 


(3) ATJ1 = Ro 1(Pp1 + Ke 2Pp2 + Ke3Pp3 + KeqPpa) 
For the conditions where Pp, = Ppg = Pp3 = Ppa. Ppt = 
4 Pp1, equation (3) can be further simplified and by substituting 
into equation (2) results in 
(4) Ro(EFF) = erate +Kg2+Kg3+Kea4)/4 


When the case is used as a reference point, coupling between 
opposite die is negligible for the MDA2550, and coupling between 
adjacent die is approximately 6%. 


FIGURE 11 — BASIC CIRCUIT USES FOR | 
BRIDGE RECTIFIERS 


Le aaie 


Circuit A 


lF(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 10B — IERC HEAT SINK UP3 


40 60 80 100 120 140 160 maar 
Ta, AMBIENT TEMPERATURE (°C) 


NOTE 3: SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure 11. The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where I, = Ig. 
For circuit B where |, = Ip, derating information can be calculated 
as follows: 

(6) TR(max) = TJ(max) ~AT 1 


Where TR(max) is the reference temperature (either case 
or ambient), ATy1 can be calculated using equation (3) in Note 2. 

For example, to determine TC(max) for the MDA2550 with 
the following capacitive load conditions: 


la = 20 A average with a peak of 60 A, 
lg = 10 A average with a peak of 70 A, 


first calculate the peak to average ratio for I,. pK) /N AV) = 
60/10 = 6.0. (Note that the peak to average ratio is on a per diode 
basis and each diode provides 10 A average.) 

From Figure 5, for an average current of 20 A and an lpKy/ 
(av) = 6.0, read Poy(av) = 40 watts or 10 watts/diode. Thus 
Pp1 = Pp3 = 10 watts. 

Similarly, for a load current Ip of 10 A, diode #2 and diode 
#4 each see 5.0 A average resulting in an l(pK)/I(ay) = 

Thus, the package power dissipation for 10 A is 20 watts or 
5.0 watts/diode. Therefore, Pp2 = Ppg = 5.0 watts. 

The maximum junction temperature occurs in diodes #1 and 
#3. From equation (3) for diode #1, 


AT 31 = 10[10 + 0(5) + 0.06(10) + 0.06(5)] 
ATj1 ~ 109°C. 


Thus, T¢(max) = 175 ~ 109 = 66°C. 
The total package dissipation in this example is 


PoT(AV) = 2x 10+ 2x 5.0 = 30 watts, 


which must be considered when selecting a heat sink. 


Circuit B 
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(AA) MOTOROLA 


RECTIFIER ASSEMBLY 


. utilizing individual void-free molded MR2500 Series rectifiers, 
interconnected and mounted on an electrically isolated aluminum 
heat sink by a high thermal-conductive epoxy resin. 


@ 400 Ampere Surge Capability 

® Electrically Isolated Base —1800 Volts 

@ UL Recognized 

@ Cost Effective in Lower Current Applications 


MAXIMUM RATINGS 


sym | 500] SGOT aoa] oa) 06] soa] sete Uae 
Voltage 

Working Peak Reverse 50 | 100] 200 800 | 1000] Volts 
Voltage 

DC Blocking Voltage 

DC Output Voltage ; 
Resistive Load : Vde 30 62 | 124} 250; 380} 500 | 630} Volts 
Capacitive Load Vdc 50 100 | 200}; 400 {| 600 | 800 | 1000] Voits 

Sine Wave RMS Input VRI(RMS} 35 70 | 140] 280} 420 700 | Volts 
Voltage 


Average Rectified Forward eS ee  PAmp 
Current (Single phase 
bridge resistive load, 
60 Hz, Tc = 55°C) 


Non-Repetitive Peak Surge 
Current (Surge applied 
at rated load conditions) 


Operating and Storage -65 to +175 
Junction Temperature 


Range 
THERMAL CHARACTERISTICS (Totai Bridge) 


Characteristic Symbol Typ [Max | Unit 
Thermal Resistance, Junction to Case ReJc 1.4 


ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted). 


Characteristic Symbol 
VF 


Instantaneous Forward Voltage (Per 
Diode) 
(ig = 55 A) 


Reverse Current (Per Diode) 
(Rated Vp) 


MECHANICAL CHARACTERISTICS 


CASE: Plastic case with an electrically isolated aluminum base. 
POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 
AC not marked 
MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accom- 
plished through the surface opposite the terminals. 


Use silicon grease on mounting surface for maxi- 
mum heat transfer. 

WEIGHT: 40 grams (approx.) 

TERMINALS: Suitable for fast-on connections. Readily solderable, 
corrosion resistant. Soldering recommended for appli- 
cations greater than 15 Amperes. 

MOUNTING TORQUE: 20 in. Ib. Max. 
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MDA3500 series 


> 
SINGLE-PHASE 
FULL-WAVE BRIDGE 


35 AMPERES 
50-1000 VOLTS 


REFERENCE 
¢ PLANE 


1. DIM “Q” SHALL BE 
MEASURED ON 
HEATSINK SIDE OF 
PKG. 

2. DIMENSIONS F AND G 
SHALL BE MEASURED 
AT THE REFERENCE PLANE. 


ae MILLIMETERS| INCHES | 
| MIN | MIN | MAX | 


| MAX | 
[| A | 34.80 | 35.18 | 1.370 | 1.385 _ 
Tc [12.44 | 13.97 [0.490 | 0.550 
| o | 6.10 [ 6.60 | 0.240 | 0.260 | 


| F | 13.97 | 14.50 | 0.550 | 0.571 | 
|G | 28.00 | 29.00 | 1.100 | 1.142 | 
| J | 0.71 | 0.86 | 0.028 | 0.034 _| 
| K | 9.52 | 11.43 | 0.375 | 

| L | 1.52 | 2.06 | 0.060 | 0.081 | 
| P| 2.79 | 2.92 | 0.110 | 0.115 | 
| a | 4.32 | 4.83 | 0.170] 0.190 | 

CASE 309A-02 


FIGURE 2 — NON REPETITIVE SURGE CURRENT 


FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING 
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— TYPICAL THERMAL RESPONSE 


FIGURE 6 
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FIGURE 7 — CAPACITANCE 
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where A Tjc is the increase in junction temperature above the case temperature. It may be 
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FIGURE 9 — REVERSE RECOVERY TIME 


FIGURE 8 — FORWARD RECOVERY TIME 
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MDA3500 Series 


AMBIENT TEMPERATURE DERATING INFORMATION 


FIGURE 10A — THERMALLOY HEATSINK 60058 
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NOTE 2: THERMAL COUPLING AND EFFECTIVE THERMAL 
RESISTANCE 


In multiple chip devices where there is coupling of heat 
between die, the junction temperature can be calculated as follows: 

(1) 4757 = Rot Poi + Re2Ke2Pp2+Re3ke3Pp3 

+ Req Keg Pp4 

Where 4T J, is the change in junction temperature of diode 1 

Rg 1 thru 4 is the thermal resistance of diodes 1 through 4 

Pp thru 4 is the power dissipated in diodes 1 through 4 

Kg thru 4 is the thermal coupling between diode 1 and 

diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 


(2) Re (err) = 4T54/PpT 

Where: Ppt is the total package power dissipation 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to f 

(3) 4Ty4 = Req (Poy + Ka 2Pp2+ Ke3Pp3 + KeqgPp4) 

For the condiitons where Pp4 = Pp2=Pp3 =Pp4, Pot = 4Pp1. 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) Ro(EFF) = Req (1 + Kg2 + Kgg + Kgq)/4 


When the case is used as a reference point, coupling between 
die is neglegible for the MDA3500. When the bridge is used without 
a heatsink, coupling between die is approximately 70% and 
Rezis30°C/W,  - 

“R@(EFF) =:30 [1 + (3) (.7)]/4 = 23°C/W 


FIGURE 10B — IERC HEATSINK UP3 AND NO HEATSINK 
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lF(AV), AVERAGE FORWARD CURRENT (AMP) 


NOTE 3: SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure11. The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where I = Ig. 
For circuit B where Ia = |p, derating information can be calcu- 
lated as follows: 


(6) TR(Max) = Ts(Max) ~ 471 
Where TR(Max) is the reference temperature (either case or 
ambient) 


AT y1 can be calculated using equation (3) in Note 2. 


For example, to determine Tc(Max) for the MDA3500 with 
the following capacitive load condiitons. 


1a = 20 A average with a peak of 60 A 
lg = 10A average with a peak of 70A 


First calculate the peak to average ratio for Ia. I(pK)/!(AV) = 
60/10 = 6.0. (Note that the peak to average ratio is on a per 
diode basis and each diode provides 10 A average). 

From Figure 5, for an average current of 20 A.and an l(pxK)/ 
l(av) = 6.0 read PoT(Ay) = 40 watts or 10 watts/diode. Thus 
Ppi = Pp3 = 10 watts. 

Similarly, for a load current Ig of 10 A, diode #2 and diode 
#4 each see 5.0 A average resulting in an l(pK)/I(ay) = 14. 


Thus, the package power dissipation for 10 A is 20 watts or 
5.0 watts/diode .. Pp> = Ppg = 5.0 watts. 

The.maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 4Tj, = (7.5) (10), since 
coupling is negligible. 

AT 34 75°C : 

Thus Tc(Max) = 175 -75 = 100°C 

The total package dissipation in this example is: 

PoT(Av) = 2 x 10 + 2 x 5.0 = 30 watts, which must be 
considered when selecting a heat sink. 


FIGURE 11-— BASIC CIRCUIT USES FOR 
BRIDGE RECTIFIERS 


Circuit A 
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Circuit B 


MDA3550 
(A) MOTOROLA MDA3551 


RECTIFIER ASSEMBLY 


... utilizing individual void-free molded MR2500 Series rectifiers, 
interconnected and mounted on an electrically isolated aluminum 
heat sink by a high thermal-conductive epoxy resin. 


~ Ep 
SINGLE-PHASE 
FULL-WAVE BRIDGE 


35 AMPERES 
50-100 VOLTS 


@ 400 Ampere Surge Capability 
@ Electrically lsolated Base — 1800 Volts 


@ Cost Effective in Lower Current Applications 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


DC Output Voltage 
Resistive Load 
Capacitive Load 


Average Rectified Forward Current 
(Single phase bridge resistive load, 
60 Hz, Tc = 55°C) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load 
conditions) 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS (Tota! Bridge) 


Symbol [Tye [Max [Unit 
Thermal Resistance, Junction to Case Rac F 14 | 1.87 


REFERENCE 
C PLANE 


HEATSINK TEMPERATURE 
yeaa REFERENCE POINT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


1. DIMENSION “OQ” SHALL BE 
MEASURED ON HEATSINK 
SIDE OF PACKAGE. 

2. DIMENSIONS “F” AND “G” 

SHALL BE MEASURED AT 

THE REFERENCE PLANE. 


Reverse Current (Per Diode) 
(Rated Vp) ; 


MECHANICAL CHARACTERISTICS 


CASE: Plastic case with an electrically isolated aluminum base. 
POLARITY: Terminal-designation embossed on case 
+DC output 
-DC output 
AC not marked 
MOUNTING POSITION: Bolt down. Highest heat transfer efficiency accomplished 


through the surface opposite the terminals. Use silicon grease Gn mounting surface 
for maximum heat transfer.. 


WEIGHT: 40 grams (approx.) 
TERMINALS: Suitable for fast-on connections. Readily solderable, corrosion resis- 
tant. Soldering recommended for applications greater than 15 amperes. 


MOUNTING TORQUE: 20 in. Ib. max. CASE 309A-03 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) 


MDA3550, MDA3551 


FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 4 — CURRENT DERATING 
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FIGURE 2 — NON REPETITIVE SURGE CURRENT 
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FIGURE 5 — FORWARD POWER DISSIPATION 


NEM) i (Resistive and 
IF(AV) inductive Loads) 


NOTE: . The leM/(AV) ratio refers to a. 
single diode; Pp T(AV) refers to 
the package dissipation. 
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TYPICAL THERMAL RESPONSE 


FIGURE 6 


MDA3550, MDA3551 
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Vr, REVERSE VOLTAGE (VOLTS) 
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FIGURE 7 — CAPACITANCE 


FIGURE 9 — REVERSE RECOVERY TIME 
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s(t) = normatized value of transient thermal resistance at time, t, from Figure 6, ie., 
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FIGURE 8 — FORWARD RECOVERY TIME 
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MDA3550, MDA3551 


AMBIENT TEMPERATURE VERATING INFORMATION 


FIGURE 10A — THERMALLOY HEATSINK 6005B 
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NOTE 2: THERMAL COUPLING AND EFFECTIVE THERMAL 
RESISTANCE 


In multiple chip devices where there is coupling of heat 
between die, the junction temperature can be calculated as follows: 

(1) 4Ty1 = Roi Poi + Ra2 Ka2Pp2+ Re3 Ke3Pp3 

+ Req Ke4aPp4 © 

Where 4Ty4 is the change in junction temperature of diode 1 

Rg 1 thru 4 is the thermal resistance of diodes 1 through 4 

Pp; thru 4 is the power dissipated in diodes 1 through 4 

Kg thru 4 is the thermal coupling between diode 1 and 

diodes 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 


(2) Ro (EFF) = oT51/PptT 

Where: Ppt is the total package power dissipation 

Assuming equal thermal resistance for each die, equation (1) 
simplifies to 

(3) Tq = Roa (Pp1 + Ke aPp2 + KagPp3 + KagP pa) 

For the condiitons where Pp4 = Pp9=Pp3 =Ppq4, Ppt = 4Pp1, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) Roe(EFF) = Req (1 + Koa + Keg + Keg)/4 

When the case is used as a reference point, coupling between 
die is neglegible for the MDA3550. When the bridge is used without 
a heatsink, coupling between die is approximately 70% and 
Re1 is 30°C/W, 

“-Ro(EFF) = 30 [1 + (3) (.7)] /4 = 23°C/W 


FIGURE 10B — IERC HEATSINK UP3 AND NO HEATSINK 
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NOTE 3: SPLIT LOAD DERATING INFORMATION 


Bridge rectifiers are used in two basic configurations as shown 
by circuits A and B of Figure11. The current derating data of 
Figure 4 applies to the standard bridge circuit (A) where I, = Ig. 
For circuit B where Ila = Ip, derating information can be calcu- 
lated as follows: 


(6) TR(Max) = TJ(Max) ~ OT J1 
Where TR(Max) is the reference temperature (either case or 
ambient) 


AT 44 can be calculated using equation (3) in Note 2. 


For example, to determine Tc(mMax) for the MDA3550 with 
the following capacitive load condiitons. 


[a = 20 A average with a peak of 60 A 
lg = 10 A average with a peak of 70 A: 


First calculate the peak to average ratio for Ia. l(pK)/I(AV) = 
60/10 = 6.0. (Note that the peak to average ratio is on a per 
diode basis and each diode provides 10 A average). 

From Figure 5, for an average current of 20 A and an l(pK)/ 
l(av) = 6.0 read Pot(ay) = 40 watts or 10 watts/diode. Thus 
Pp1 = Pp3 = 10 watts. 

Similarly, for a load current Ip of 10 A, diode #2 and diode 
#4 each see 5.0 A average resulting in an l(pK)/I(AV) = 


Thus, the package power dissipation for 10 A is 20 watts or. 


5.0 watts/diode .. Pog = Ppq = 5.0 watts. 


The maximum junction temperature occurs in diode #1 and #3. 
From equation (3) for diode #1 4Ty, = (7.5) (10), since 
coupling is negligible. 

AT 34 © 75°C 

Thus Tc(mMax) = 175-75 = 100°C 

The total package dissipation in this example is: 

PoTiAv) = 2 x 10 + 2 x 5.0 = 30 watts, which must be 
considered when selecting a heat sink. 


FIGURE 11— BASIC CIRCUIT USES FOR 
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Circuit A 


Circuit B 
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(AA) MOTOROLA 


Designers Data Sheet 


MINIATURE SIZE, AXIAL LEAD MOUNTED 
STANDARD RECOVERY POWER RECTIFIERS 


. designed for use in power supplies and other applications having 
need of a device with the following features: 


High Current to Smail Size 
High Surge Current Capability 
Low Forward Voltage Drop . 
Economical Plastic Package 
Available in Volume Quantities 


Designer’s Data for ‘‘Worst Case’’ Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 

(Single phase resistive load, Tz = 95°C, 
PC Board Mounting) (1) 

(EIA Standard Conditions L = 1/32”, 
Ti = 85°C) 


Non-Repetitive Peak Surge Current 
(surge applied at rated load conditions) 


Operating and Storage Junction 
Temperature Range (2) 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board 
Mounting, See Note 2 on Page 4). 


Instantaneous Forward Voltage (3) 
(ig = 9.4 Amp, Ty = 175°C) 
(i¢ = 9.4 Amp, Ty = 25°C) 


‘ Reverse Current (rated dc voltage) (3) 
Ty = 25°C 
Ty = 100°C 


(1) Derate for reverse power dissipation. See Note on Page 2. 


(2) Derate as shown in Figure 1. 
(3) Pulse Test: Pulse Width = 300 ps, Duty Cycle = = 2.0%. 
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MR500 MR501 
MR502 MR504 
MR506 MR508 
MR510 


STANDARD RECOVERY 
POWER RECTIFIERS 


50-1000 VOLTS 
3 AMPERE 


CASE 267-01 


$$ ——_——— 100 
(one cycle) 


MECHANICAL CHARACTERISTICS 


Case: Transfer Molded Plastic 

Finish: External Leads are Plated, 
Leads are readily Solderable 

Polarity: Indicated by Cathode Band 


Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 
300°C, 1/8” from case for 10s 
at 5.0 Ib. tension 


MR500, MR501, MR502, MR504, MR506, MR508, MR510 


NOTE 1: DETERMINING MAXIMUM RATINGS 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 200 volts. 


of equation (1): 


TA(max) = Ts(max) — ResAPF(AV) — ResaPR(AV) (1) 
where | 
TA(max) = Maximum allowable ambient temperature 


Tj(max) = Maximum allowable junction temperature 
(175°C or the temperature at which ther- 
mal runaway occurs, whichever is lowest. ) 


PF(AV) = Average forward power dissipation 
PR(AV) = Average reverse power dissipation 
ReJA = Junction-to-ambient thermal resistance 
Figure 1 permits easier use of equation (1) by taking reverse power 


dissipation and thermal runaway into consideration. The figure 
solves for a reference temperature as determined by equation (2): 


TR = Tj(max) — ResaPRiav) (2) 
Substituting equation (2) into equation (1) yields: 
TA(max) = TR — ResAPF(Av) (3) 


Inspection of equations (2) and (3) reveals that Tr is the ambient 


temperature at which thermal runaway occurs or where Ty = 175°C, | 


Proper derating may be accomplished by use — 


when forward power is zero. The transition from one boundary 
condition to the other is evident. on the curves of Figure 1 as a 
difference in the rate of change of the slope in the vicinity of 165°C. 
The data of Figure 1 is based upon dc conditions. For use in 
common rectifier circuits, Table 1 indicates suggested factors for 
an equivalent dc.voltage to use for. conservative design; i.e.: 


VR(equiv) = Vin(PK) x F (4) 


The Factor F is derived by considering the properties of the various 
rectifier circuits and the rectifiers reverse characteristics. 


Example: Find Ta(max) for MR510 operated in a 400 Volt dc 
supply using a full wave center-tapped circuit with capacitive filter 
such that Ipc = 6.0A, (IF( ay) = 3.0 A), l(pK)/I(ayy) = 10, Input 
Voltage = 283 Virms) (line to center tap), Rajya = 28°C/W. 


Step 1: Find Vr(equiv). Read F = 1.11 from Table 1.. 
VR(equiv) = 1-41)(283)(1.11) = 444 V | 
Step 2: Find TR from Figure 1. Read Tr = 167°C @ 
VR = 444 V & Roja = 28°C/W. 
Step 3: Find Pe(a~y) from Figure 8. Read Peiay) = 4 W 
@ PK = 10 & le(ay) =3.0A 
lAV 
Step 4: 


Find TA(max) from equation (3). Ta(max) = 167-(28) 
(4) = 55°C. . 


TABLE | — VALUES FOR FACTOR F 


Half Wave Full Wave, Bridge 


Sine Wave 


Square Wave 


*Note that Va(pK) © 2 Vin(PK) 


FIGURE 1 — MAXIMUM REFERENCE TEMPERATURE 
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Full Wave 
‘Center- Tapped* t 


tUse line’to center tap voltage for Vin. 


FIGURE 2 — MAXIMUM SURGE CAPABILITY 
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IF(AV), AVERAGE FORWARD CURRENT (AMP) lF(AV), AVERAGE FORWARD CURRENT (AMP) 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 


CURRENT DERATING 
(Reverse Power Loss Neglected) 


FIGURE 3 — PC BOARD MOUNTING 
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FIGURE 4 — SEVERAL LEAD LENGTHS 
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if, INSTANTANEOUS FORWARD CURRENT (AMP) 


FIGURE 6 — MAXIMUM FORWARD VOLTAGE 
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FIGURE 8 - FORWARD POWER DISSIPATION FIGURE 9 — TYPICAL REVERSE CURRENT 
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THERMAL CHARACTERISTICS 
FIGURE 10 — THERMAL RESPONSE 
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The temperature of the lead should be measured 
using a thermocouple placed on the lead as close as 
possible to the tie point. The thermal mass con- 
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DUTY CYCLE = tp/ty 


PEAK POWER, Ppk, is peak of an 
TIME equivalent square power pulse. 


ATJL= Ppk © R@JL [D+ (1 - D) + r(ty + tp) + r(tp) - £(t4)] 
where: 

ATJL = the increase in junction temperature above the = 
leod:temmperacdve: ami nected to the tie point is normally large enough 
r(t) = normalized value of transient thermal per ioe rT TTI TTT TE 80 that it will not significantly respond to heat 


at time, t, i.e.: aa ee surges generated in the diode as a result of pulsed 
(ty + tp) = normalized vatue of ae a 608 ep ee ee pe operation once steady-state conditions are achieved. 


transient thermal resistance Lo ETH Using the measured value of TL, the junction tem- 
at time ty} + aa or __.. perature may be determined by: 
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| . NOTE 2 — AMBIENT MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient (Raya) 
for the mountings shown is.to be used as typical guideline vaiues 
FIGURE 11 — STEADY-STATE THERMAL RESISTANCE for preliminary engineering or in case the tie point temperature 
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FIGURE 12 — APPROXIMATE THERMAL CIRCUIT MODEL 


THERMAL CIRCUIT MODEL 
(For Heat Conduction Through the Leads) 


Ta = Ambient Temperature Res = Thermal Resistance, Heat 
Sink to Ambient 
Ty = Lead Temperature Rez = Thermal Resistance, Lead 
to Heat Sink 
To = Case Temperature Rey = Thermal Resistance, Junc- 
4 tion to Case 
Ty = Junction Temperature Pp = Total Power Dissipation = 
Pe + PR 
Pe = Forward Power Dissipation 
PR = Reverse Power Dissipation 


(Subscripts A and K refer to anode and cathode sides respectively.) 
Vatues for thermal resistance components are: 


Ret = 46°C/W/IN. Typically and 48°C/W/IN Maximum. 
Roy = 10°C/W Typically and 16°C/W Maximum. 


The maximum lead temperature may be found as follows: 


Use of the above mode! permits junction to lead thermal TL = Ty(max) 7 4 TIL 
resistance for any mounting configuration to be found. For a 
given total lead tength, lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink. Terms in 
the model signify: 


PA 


where 4TyL ~ Rese 


TYPICAL DYNAMIC CHARACTERISTICS 
(Ty = 25°C) 


FIGURE 13 — FORWARD RECOVERY TIME FIGURE 14 — REVERSE RECOVERY TIME 
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FIGURE 15 — RECTIFICATION WAVEFORM EFFICIENCY FIGURE 16 — JUNCTION CAPACITANCE 


ee 
| — FP SHIT 


o, EFFICLENCY FACTOR 


FHA HRS EE 
sen 


eae a i 
Pt AL TAL 

C, CAPACITANCE (pF) 

. 

tt 

em 

——s 

=—— 

a 

| 

a ah 

LZ 

an 


ie aye 
A A 


10 


re ied ea LG 0 00 |e oa es aul 

7.0 Sy et 2 11 7 BD 

1.0 20 30 5.0 7.0 10 20 30 = 5070 100 0.1 02 05 10 20 50 10 20 50 100 
REPETITION FREQUENCY (kHz) Vp, REVERSE VOLTAGE (VOLTS) 


3.903 


MR500, MR501, MR502, MR504, MR506, MR508, MR510 


RECTIFIER EFFICIENCY NOTE 


FIGURE 17 — SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 


The rectification efficiency factor o shown in Figure 15 was 
calculated using the formula: 


V25(dce) 
Pid) BL V2 (de! 


00% = ———-— - 100% (1) 
V2 olac) + V29(de) 


Oo = = 
Pirms) V2o(rms). 


Ri 


For a sine wave input Vr, sin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 


Veen 
n*Rp 4 
Fsine) = - 100% = —> - 100% = 40.6% (2) 
v2 tT 
m 
4k 


v2 
: m 
For a square wave input of 
amplitude Vy, the efficiency 2RL 
factor becomes: (square) = Gas - 100% = 50% (3) 
pa 
Re 


(A full wave circuit has twice these efficiencies) 

As the frequency of the input signal is increased, the reverse re- 
covery time of the diode (Figure 14) becomes significant, resulting 
in an increasing ac voltage component across R1_ which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor 0, as shown on Figure 15. 

It should be emphasized that Figure 15 shows waveform efficien- 
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Vg with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for the figure. 


OUTLINE DIMENSIONS. 


CASE 267-01 
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MR750_ 
(AA) MOTOROLA MR751 MR752 
MR754. MR756 


Designers Data Sheet 


LEAD MOUNTED 
SILICON RECTIFIERS 


50-600 VOLTS 
DIFFUSED JUNCTION 


HIGH CURRENT LEAD MOUNTED RECTIFIERS 


@ Current Capacity Comparable To Chassis Mounted Rectifiers 


@ Very High Surge Capacity 
@ Insulated Case © 


Designer's Data for ‘‘Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from 
the information presented. Limit curves — representing boundaries on 
device characteristics — are given to facilitate ‘‘worst case” design. 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage VRSM 120 240 
(halfwave, single phase, 60 Hz peak) 


Average Rectified Forward Current 22 (TL = 60°C, 1/8” Lead Lengths) 
(single phase, resistive load, 60 Hz.) 6.0 (Ta = 60°C, P.C. Board mounting) 
See Figures 5 and 6. 


Non-Repetitive Peak Surge Current : 
(surge applied at rated load 
conditions) 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions Symbol 
| Maximum Instantaneous Forward Voltage VE 1.25 
Drop (ig = 100 Amp, Ty = 25=C) 
Maximum Forward Voltage Drop Ve Volts 
(IF = 6.0 Amp, Ta = 25°C, 3/8” leads) , 
Maximum Reverse Current 
(rated dc voltage) 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8” 
from case for 10 seconds at 5.0 Ibs. tension 

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol 

WEIGHT: 2.5 Grams (approx.) 


CASE 194-05 
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FIGURE 1— FORWARD VOLTAGE 


FIGURE 2 — MAXIMUM SURGE CAPABILITY : : | 
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FIGURE 4 — TYPICAL TRANSIENT THERMAL RESISTANCE 
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FIGURE 5 — MAXIMUM CURRENT RATINGS FIGURE 6 — MAXIMUM CURRENT RATINGS 


RESISTIVE-INDUCTIVE 
LOADS 


BOTH LEADS TO HEAT 
SINK WITH LENGTHS 
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FIGURE 7 — POWER DISSIPATION 


NOTES 
THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 
RasA | Reta fT RAJA Rosk 7 ReLk Rask 
TAA | 1 Peo | TAK = 
TLA = =TCA TS TCK TLK 


CTIVE LOADS 


41S 

Use of the above mode! permits junction to lead thermal resistance for any 
mounting configuration to be found. Lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink as shown below. Terms in 
the model signify: ; 


Pr, (avg) POWER DISSIPATION (WATTS) 


Ta = Ambient Temperature Ras = Thermal Resistance, Heat Sink to Ambient 


TL = Lead Temperature Rg = Thermal Resistance, Lead to Heat Sink 
lE(avg), AVERAGE FORWARD CURRENT (AMP) Tc = Case Temperature Rg y = Thermal Resistance, Junction to Case 
Ty = Junction Temperature Pr = Power Dissipation 


(Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
Ret = 40°C/W/IN. Typically and 44°C/W/1N Maximum 


FIGURE 8 — STEADY STATE THERMAL RESISTANCE Rg) = 2°C/W Typically and 4°C/W Maximum 


40 Since Rg J is so low, measurements of the case temperature, Tc, wil! be approx- 

wy | A imately equal to junction temperature in practical lead mounted applications. 

35 ~» 77 When used as a 60 Hz rectifier, the slow thermal response holds T y(pK) close to 

SINGLE LEAD TO HEAT SINK, WwW, ~ | TJ(AVG). Therefore maximum lead temperature may be found from: TL = 
INSIGNIFICANT HEAT FLOW Z| Z| 


w 
So 


175°—Rgy_ PF. Pr may be found from Figure 7. 
The recommended method of mounting to a P.C. board is shown on the sketch, 
where R@ JA is approximately 25°C/W for a 1-1/2" x 1-1/2” copper surface area. 


aa 
\ a > Values of 40°C/W are typical for mounting to terminal strips or P.C. boards where _ 
"A Z| th _ available surface area is small. 
A As 
Aas 
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—“————— Board ground plane ae 


Recommended mounting for half wave circuit 
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TYPICAL DYNAMIC CHARACTERISTICS | 


FIGURE 9 — RECTIFICATION EFFICIENCY 
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FIGURE 13 — SINGLE-PHASE HALF-WAVE 
RECTIFIER CIRCUIT 


The rectification efficiency factor o shown in Figure 9 was 
calculated using the formula: 


V24(dc) 
g = ———— = ————_ - 100% = ——_——— - 100% (1) 
Pirms) Vo(rms) V2 o(ac) + V2o(de) 
Rt 


For a sine wave input Vm, sin (wt) to the diode, assumed lossless, 
the maximum theoretical efficiency factor becomes: 


3-208 


tr, REVERSE RECOVERY TIME (11s) 


te, FORWARD RECOVERY TIME (1) 


70 100 


FIGURE 10 — REVERSE RECOVERY TIME 
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FIGURE 12 — FORWARD RECOVERY TIME 
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For a square wave input of ree 
amplitude Vm, the efficiency ! 2RL 
factor becomes: (square) = 57° 100% = 50% (3) 
| | V2m 
RL 


(A full wave circuit has twice these efficiencies) 


- As the frequency of the input signal is increased, the reverse re- 
covery time of the diode (Figure 10) becomes significant, resulting 
in an increasing ac voltage component across Ry which is opposite 
in polarity to the forward current, thereby reducing the value of 
the efficiency factor a, as shown on Figure 9. : 

it should be emphasized that Figure 9 shows waveform efficien- 
cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Vj, with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for Figure 9. 
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Designers Data Sheet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


... designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF inter- 
ference and free-wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 350 nanoseconds providing 
high efficiency at frequencies to 100 kHz. 


DESIGNER’S DATA FOR “WORST CASE” CONDITIONS 

The Designers Data Sheet permits the design of most circuits entirely from the 
information presented. Limit curves — representing device characteristic boundaries — 
are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS 


’ Symbol 
Peak Repetitive Reverse 
Voltage 
Working Peak Reverse 
Voltage 
DC Blocking Voltage 


Non-Repetitive Peak 
Reverse Voltage 


Average Rectified Amp 
Forward Current (Single 
phase, resistive load, 
Ta = 75°C) 
Non-Repetitive Peak Surge 
Current (surge applied at 
rated toad conditions) 
(Ta = 75°C) 
~65 to +150 


Storage Temperature Tstg ~65 to +175 


Range 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Ambient 
(Typical Primted Circuit Board Mounting) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Instantaneous Forward Voltage 
(ig = 3.14 Amp, Ty = 150°C) 
Forward Voltage 
(lg = 1.0 Amp, Ta = 25°C) 
Reverse Current (rated dc voitage) Ta = 25°C 
. Ta = 100°C 


fh 


REVERSE RECOVERY CHARACTERISTICS 


Reverse Recovery Time 
(Ig = 1.0 Amp to Vp = 30 Vdc) (Figure 21) 
(Ip = 20 mA, ty = 2.0 mA, Tektronix S-Plug-in) (Figure 22) 


Reverse Recovery Currant 
(Ie = 1.0 Amp to Vp = 30 Vac) (Figure 21) 
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MR810 thru MR814 
MR816 thru MR818 


FAST RECOVERY 
POWER RECTIFIERS 


50-1000 VOLTS 
1 AMPERE 


CASE 59-04 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 


FINISH: External leads are plated 
and are readily solderable 
POLARITY: Cathode indicated by 
Polarity band 


WEIGHT: 0.4 Grams (Approximately) 


MR810 thru MR814, MR816 thru MR818 


FIGURE 1 — FORWARD VOLTAGE - FIGURE 2 — MAXIMUM SURGE CAPABILITY — 
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FIGURE 4 — FORWARD POWER DISSIPATION FIGURE 5 — FORWARD POWER DISSIPATION 
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MR810 thru MR814, MR816 thru MR818 


MAXIMUM CURRENT RATINGS 


(SEE NOTES 1 and 2) 


SQUARE WAVE INPUT 
FIGURE 7 — EFFECT OF LEAD LENGTHS, 


SINE WAVE INPUT 
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FIGURE 9 — 1/8” LEAD LENGTH, VARIOUS LOADS 


FIGURE 8 — 1/8’ LEAD LENGTH, VARIOUS LOADS 
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FIGURE 11 — PRINTED CIRCUIT BOARD MOUNTING, 
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FIGURE 10 — PRINTED CIRCUIT BOARD MOUNTING, 
VARIOUS LOADS 
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MR810 thru MR814, MR816 thru MR818 


FIGURE 12 — THERMAL RESPONSE FIGURE 13 — THERMAL RESISTANCE 
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Data shown for thermal resistance junction-to-ambient (6 JA) for the 
mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 


TYPICAL VALUES FOR @j,a IN STILL AIR 


DUTY CYCLE, D=tp/ty 
PEAK POWER, Ppk, is peak of an 
: equivalent square power pulse. 


| LEAD LENGTH, L (IN) | 


MOUNTING 
METHOD | oe 1/4 | 1/2 | 3/4 Roda 


To determine maximum junction temperature of the diode in a given situation, 


the following procedure is recommended: 
” 

reat fot Hirt 
[3 | 40. | 


r | ing ath me couple pl 
The temperature of the case should be measured using a thermocouple placed 


on the case as close as possible to the tie point. The thermal mass connected to 
the tie point is normally jarge enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady- 
state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 


TWeter eric 

where 4 Tc is the increase in junction temperature above the case temperature. 
It may be determined by: 

A Tye = Ppk “Raye [D + (1-0) -r(t1 + tp) + rltp) - rts) 
where 
r(t) = normalized value of transient thermal resistance at time, t, from Figure 
12, ie.: 
f(t] + tp) = normalized value of transient thermal resistance at time ty+ tp. 


MOUNTING METHOD 1 
L L 
| —==s5 


MOUNTING METHOD 2 


MOUNTING METHOD 3 


P. C. Board with 
1-1/2" copper surface 


ee 3/8” 


BIOL 


Board Ground 
Plane 


1-1/2" x 


Vector pin mounting 


FIGURE 14 — THERMAL CIRCUIT MODEL 


Rgs= Thermal Resistance, Heat Sink to Ambient 
Rg |. = Thermal Resistance, Lead to Heat Sink 
' Tco= Case Temperature Rg y= Thermal Resistance, Junction to Case 
. Ty= Junction Temperature Pp= Power Dissipation 
; (Subscripts A and K refer to anode and cathode sides respectively.) 
Values for thermal resistance components are: 
! 2 Rg = 112°C/W/IN. Typically and 128°C/W/IN Maximum 


Ta = Ambient Temperature 
Ty = Lead Temperature 


Rey = 18°C/W Typically and 30°C/W Maximum 


The maximum lead temperature may be calculated as follows: 
: Th = 150° —AT yy, 
ST JL can be calculated as shown in NOTE 1 or it may be approximated 


Use of the above model permits junction to lead thermal resistance for 
any mounting configuration to be found. For a given total lead length, 
lowest values occur when one side of the rectifier is brought as close as 
possible to the heat sink. Terms in the model signify: 


as follows: 
4TyL ~ Rest @ Pe; Pe may be formulated for sine-wave operation from 
Figure 3 or from Figure 4 for square-wave operation. 
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MR810 thru MR814, MR816 thru MR818 


TYPICAL DYNAMIC CHARACTERISTICS 


~— JUNCTION CAPACITANCE 


FIGURE 16 


FIGURE 15 — FORWARD RECOVERY TIME 
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TYPICAL RECOVERED STORED CHARGE DATA 
(SEE NOTE 3) 


FIGURE 17 — Ty = 25°C 


‘FIGURE 18 — Ty = 75°C 
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FIGURE 20 — Ty = 150°C 
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MR810 thru MR814, MR816 thru MR818 


FIGURE 21 — REVERSE RECOVERY CIRCUIT — 


30 2 
50 W 


NON-INDUCTIVE 
UNIT 


C.P. CLARE 
HPG 1002 


30 Vdc 
‘CONSTANT VOLTAGE 
SUPPLY 


MINIMIZE ALL.LEAD LENGTHS 


A —TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Ry — ADJUSTED FOR 1.4 2 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INOUCTANCE = 38 wH 


UNOER TEST 


1.0 Adc FROM 
CONSTANT 
VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


NON-INDUCTIVE 


Zout = 1% 2QMAX, 
DC to 2 kHz 


R2 ~ TEN-1 W, 10 9, 1% CARBON CORE 
IN PARALLEL 


Ta = 25 *!}0C FOR RECTIFIER 


FIGURE 22 — JEDEC REVERSE RECOVERY CIRCUIT 


TI 


120 VAC 
60 Hz 


“R11 = 50 Ohms 
R2 = 250 Ohms 
01 = 1N4723 
D2 = 1N4001 
03 = 1N4934 

SCR1 = MCR729-10 
C1 =0.5 to 50 pF 
C2 = 4000 uF T2=1:1 
L1=1.0-27 uH T3 = 1:1 (to trigger circurt) 


T1= Variac Adjusts (pK) and di/dt 


LI 
di/dt ADJUST 


* tipK) ADJUST 


D2 


O CURRENT 
VIEWING 
RESISTOR 


OSCILLOSCOPE O 


FIGURE 23 — TYPICAL REVERSE LEAKAGE 


NOTE 3 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time. is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast - 
recovery power rectifiers are rated under a fixed set of conditions 
using [— = 1.0 A, Vp = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. : 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (tyr) | 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 


1/2 
Q 

trp = 1.41 apa 
di/dt 


IRM(REC) = 1-41 x [OR x di/at] 1/2 


FIGURE 24 — TYPICAL REVERSE LEAKAGE 
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(AA) MOTOROLA MR820 MR821 MR822 
MR824 MR826 


Designers Data Sheet 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
5.0 AMPERES 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 


high efficiency at frequencies to 250 kHz. 


Designer’s Data for ’’Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from the in- . 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS 
Rating 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward 
Current 
(Single phase, resistive load, 
Ta = 55°C) (1) 
Non-Repetitive Peak Surge 
Current 
(Surge applied at rated load 
conditions} 


STYLE 1: 
PIN 1. CATHODE 
2. ANODE 


NOTE: 


1. CATHODE SYMBOL ON PKG 
Operating and Storage Junction 


Temperature Range (2) 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board 
Mounting, See Note 6, Page 8) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


CASE 194-04 


Instantaneous Forward Voltage 
(ig = 15.7 Amp, Ty = 150°C) 


Forward Voltage 
(Ip = 5.0 Amp, Ty = 25°C) 


Maximum Reverse Current, (rated dc voltage) Tj = 25°C 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 
FINISH: External Surfaces are Cor- 
REVERSE RECOVERY CHARACTERISTICS. a rosion Resistant 


POLARITY: Indicated by Diode 


Reverse Recovery Time Symbol 

(p= 1.0 Amp to Vig 30 Vide. Figure 26) WEIGHT: 2.5 Grams (Approximately) 
MAXIMUM LEAD TEMPERATURE 
FOR SOLDERING PURPOSES: 


(len = 15 Amp, di/dt = 25 A/us, Figure 26) 


Reverse Recovery Current 
(Ig = 1.0 Amp to VR = 30 Vdc, Figure 25) 


(@) er 
(1) Must be derated for reverse power dissipation. See Note 3 350 C, 3/8 from case for 10s 
(2) Derate as shown in Figure 1. at 5.0 Ib. tension. 
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MAXIMUM CURRENT AND TEMPERATURE RATINGS 


FIGURE 1 — MAXIMUM ALLOWABLE JUNCTION 


TEMPERATURE 
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When operating this rectifier at junction temperatures 
over approximately’ 85°C, reverse power dissipation 
and the possibility of thermal runaway must be con- 
sidered. The data of Figure 1 is based upon worst case 
reverse power and should be used to derate T j(max) 
from its maximum value of 175°C. See Note 3 for 
additional information on derating for reverse power 
dissipation. 

When current ratings are computed from T j(max) and 
reverse power dissipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 


600 
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VAL VINA 
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Vp. PEAK REVERSE VOLTAGE (VOLTS) 


RESISTIVE LOAD RATINGS 
PRINTED CIRCUIT BOARD MOUNTING — SEE NOTE 6, PAGE 8 


FIGURE 2 — SINE WAVE INPUT 


FIGURE 3 — SQUARE WAVE INPUT 
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FIGURE 5 — SQUARE WAVE INPUT 


FIGURE 4 — SINE WAVE INPUT 
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MAXIMUM CURRENT RATINGS 


SINE WAVE INPUT SQUARE WAVE INPUT 


FIGURE 6 — EFFECT OF LEAD LENGTHS, FIGURE 7 — EFFECT OF LEAD LENGTHS, 
RESISTIVE LOAD RESISTIVE LOAD 
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REVERSE POWER DISSIPATION AND CURRENT 


NOTE 3 
DERATING FOR REVERSE POWER DISSIPATION 


in this rectifier, power loss due to reverse current ts generally not 
negligible. For reliable circuit design, the maximum junction 
temperature must be limited to either 175°C or the temperature 
which results in thermal runaway. Proper derating may be accom- 
plished by use of equation 1 of equation 2. 


Equation? Ta =74-(475-Tyimax)) - PR Rosa 


Where: _T1 = Maximum Allowable Ambient Temperature 
neglecting reverse power dissipation (from Figures 
10 or 11) : 


Ty(max) = Maximum Allowable Junction Tempera- 
ture to prevent thermal runaway or 175°C, which 
ever is lower. (See Figure 1). 

Pr = Reverse Power Dissipation (From Figure 12 
or 13, adjusted for T j(max) as shown below) 


RgaJA = Thermal Resistance, Junction to Ambient. 


When thermal resistance, junction to ambient, is over 20°C/W, 
the effect of thermal response is npmaiele: Satisfactory derating 
may be found by using: 


Equation 2 Ta = T3(max) - (PR + PE) Rosa 


Pre = Forward Power Dissipation (See Figures 19 & 
Other terms defined above. 


The reverse power given on Figures 12 and 13 is calculated for 
Ty = 150°C. When Ty is lower, Pp will decrease; its value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of interest. 


The reverse powur data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center-tapped transformer, the data for resistive loads is equiva- 


FIGURE 12 — SINE WAVE INPUT DISSIPATION 
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Vp, PEAK APPLIED VOLTAGE (VOLTS) 


Ip, REVERSE CURRENT (NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 


lent when Vp is the line to line voltage across the rectifiers. For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of input waveform, for bridge circuits. For 
capacitively loaded full wave center-tapped circuits, the 20:1 
data of Figure 12 shouid be used for sine wave inputs and the 
capacitive load data of Figure 13 should be used for square wave 
inputs regardless of !(4k)/I(ay). For these two cases, Vp is the 
voltage across one leg of the transformer. 


EXAMPLE: 


Find Maximum Ambient Temperature for lay = 2 A, Capacitive 
Load of Ipx/Iay = 20, Input Voltage = 120 V (rms) Sine Wave, 
Re ja = 25°CM, Half Wave Circuit. 


Step 1: Find Vp; Vp = V2 Vin = 169 V, VRipk) = 338 V 
Step 2: Find Ty(max) from Figure 1. Read Tj(max) = 119°C. 
Step 3: Find PR(max) from Figure 12. Read Pp = 770mW @140°C 
Step 4: Find |g normalized from Figure 14. Read IR (norm) = 9.4 


Step 5: Correct PR to T y(max)- PR =!R(norm) x PR (Figure 12) 
PR = 0.4 x 770 = 310 mW. 
Step 6: Find Pe from Figure 19. Read Pg = 2.4 W. 


Step 7: Compute Ta from Ta = Ty(max) - (PR + PE) Rega 
Ta = 119 - (0.31 + 2.4)(25) 
Ta = 51°C 

Solution 2: 

Steps 1 thru 5 are as above. 

Step 6: Find Ta = 14 from Figure 10. Read Ta = 115°C. 

Step 7: Compute Ta from Ta = 14 - (175 -(Ty(max)) -PR Roya 
Ta = 115 - (175 - 119) - (0.31) (25) 
Ta = 519°C 

At times, a discrepancy between methods will occur because 

thermal response is factored into Solution 2. 


FIGURE 13 — SQUARE WAVE INPUT DISSIPATION 
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FIGURE 15 — TYPICAL REVERSE CURRENT 
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STATIC CHARACTERISTICS 


FIGURE 16 — FORWARD VOLTAGE FIGURE 17 — MAXIMUM SURGE CAPABILITY 
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MAXIMUM FORWARD POWER DISSIPATION 
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Or, RECOVERED STORED CHARGE (uc) 


Og, RECOVERED STOREO CHARGE (uc) 


TYPICAL RECOVERED STORED CHARGE DATA 
(See Note 4) 


FIGURE 21 — Ty = 25°C 


nen com on on lo 
ee GG SS A ee 
Oe a oe oe mmm 
nn mw 48 
eRe mr aue 
oi a OS ATA 
os ea O26%s 
eile Zatll 
ca ST MANES Ca ST a) i ND OA 
Se ee ae Soe a Gs 
QED 40.0 2. eee Bane 
SSG? 2” 6 24 i 
me o>. 4 ee ee 
7224 | 
FEAT Sa ae 

1.0 ae 5.0 100 

di/dt ee 


FIGURE 23 — Ty = 100°C 
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FIGURE 22 — Ty = 75°C 


Og, RECOVERED STORED CHARGE (uc) 
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FIGURE 24 — Ty = 150°C 


Or, RECOVERED STORED CHARGE (uc) 
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NOTE 4 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using lp ~ 1.0 A, VR = 30 V. tn order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. . 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (t,,) 
and peak reverse recovery current (IRj(REC)) can be closely 
approximated using the following formulas: 


t] 1/2 


IRM(REC) = 1.41 x [QR x di/d 
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DYNAMIC CHARACTERISTICS 


FIGURE 25 — REVERSE RECOVERY CIRCUIT 
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INDUCTANCE = 38 pH 

R2 — TEN-1 W, 10 82, 1% CARBON CORE 
IN PARALLEL 


Ta= 25 "Joc FOR RECTIFIER 
. MINIMIZE ALL LEAD LENGTHS 


Y 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% Q2MAX, DC to 2 kHz 


FIGURE 26 — JEDEC REVERSE RECOVERY CIRCUIT 


R1 


R1 = §0 Ohms 11 
R2 = 250 Ohms 
D1 = 1N4723 
02 = 1N4001 
03 = 1N4933 
‘ScRi = MCR729-10 
C1 = 0.5 to 50 uF 
C2 = 4000 uF 
L1=1.0-27 uH 
T1 = Variac Adjusts 1(px) and di/dt 
T2=1:1 
T3 = 1:1 (to trigger circuit) 


T2 


120 VAC 
60 Hz 


FIGURE 27 — FORWARD RECOVERY TIME 
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Cy, CAPACITANCE (pF) 
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‘L1 
di/dt ADJUST 


* pK) ADJUST 


D2 


R<0.25 2 
L <0.01 ut 


OQ CURRENT 
VIEWING 
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OSCILLOSCOPE O 


_ FIGURE 28 — JUNCTION CAPACITANCE 
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THERMAL CHARACTERISTICS 


FIGURE 29 — THERMAL RESPONSE 
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HEAT SINK 


r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


NOTE 5 


To determine maximum junction temperature of the diode 
in a given situation, the followin~ procedure is recommended: 


The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of T,, the junction temperature may be determined by: 


Ty=TL + OTe 


where 4 ToL is the increase in junction temperature above the 
lead temperature. It may be determined by: 


STyu = Pok * Rogy (0 + ( - D) e rlty + ty) + rity) - r(ty)] 


where r(t) = normalized value of transient thermal resistance at 
time t from Figure 29, i.e.: 


r(t, + ty) = normalized value of transient thermal Pane at 


; Pok uty CYCLE =tp/ty 
p PEAK POWER, Poke is peak of an 


TIME equivalent square power pulse. 
fea oe 


FIGURE 30 — STEADY-STATE THERMAL RESISTANCE 


SINGLE LEAD TO HEAT SINK, 
INSIGNIFICANT HEAT FLOW: 
THROUGH OTHER LEAD 


ReJL, THERMAL RESISTANCE, 
JUNCTION-TO-LEAD (°C/W) 


0 . 8 1/4 3/8 1/2 5/8 3/4 7/8 
L, LEAD LENGTH (INCHES) 


all 
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NHL 
Be? 


100 200 500 ~~. 1000 2000 *§000 10,000 20,000 


t, TIME (ms) 


Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. Lowest 
values occur when one side of the rectifier is brought as close as 
possible to the heat sink as shown below. Terms in the model 
signify: 


Ta = Ambient Temperature Rgsg = Thermal Resistance, Heat 
sink to Ambient 

Rei = Thermal Resistance, Lead 
to Heat Sink 

Rgy = Thermal Resistance, Junc- 
tion to Case 

Ty = Junction Temperature PD = Power Dissipation = Pe + 

PR 
Pe = Forward Power Dissipation 
PR = Reverse Power Dissipation 


(Subscripts A and K refer to anode and cathode sides respectively). 
Values for thermal resistance components are: 


Rei = 40°C/W/IN. Typically and 44°C/W/IN Maximum. 
Rg j = 2°C/W Typically and 4°C/W Maximum. 


Ti = Lead Temperature 


Tc = Case Temperature 


Since Roy is so low, measurements of the case temperature, 
Tc, will be approximately equal to junction temperature in prac- 
tical lead mounted applications. When used-as a 60 Hz rectifier, 
the slow thermal response holds T y(pK) close to T (av). There- 


fore maximum lead temperature may be found as follows: 


TE = Ty(max) — STIL 
where 


ATy_ can be approximated as follows: 


4Ty_ ~ Rest * Pp: Pp is the sum of forward and 
reverse power dissipation shown in Figures 12 & 19 for 
sine wave operation and _Figures 13 & 20 for auers 
‘wave operation. 

‘The recommended method of mounting to a P.C. board is 
shown on the sketch, where Rg ya is approximately 25°C/W for 
a 1-1/2" x. 1-1/2"' copper surface area. Values of 40°C/W are 
typical for mounting to terminal strips or P.C. boards where avail- 
able surface area is small. 


——__ Board ground plane 


Recommended mounting for half wave circuit 
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(AA) MOTOROLA 


HERMETICALLY SEALED, AXIAL LEAD 
MOUNTED FAST RECOVERY POWER 
RECTIFIERS 


. . . designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency ‘at frequencies to 250 kHz. 


MAXIMUM RATINGS 


east | wnesz | wes | mn 
Peak Repetitive Reverse Voitage VRRM 
Working Peak Reverse Voitage VRWM 200 
DC Blocking Voltage VR 
Average Rectified Forward Current 
(Single phase, resistive load, SS 80 ee 
Tc = 100°C) ; 
Non-Repetitive Peak Surge Current Amps 
(surge applied at rated load 100 
conditions) 


Operating Junction Temperature Ty ~a———_———. - 65 to +150 ———_—___ o¢ 
Range 
Storage Temperature Range ~—+———-——. - 65 to +175 ——_—_—__—_» 


Characteristic 


Forward Voltage 
(Ig = 3.0 Adc, Ta = 25°C) 


Reverse Current (rated DC Voltage) 
Ta = 25°C 


Ta = 100°C 


Reverse Recovery Time 
(te = 1.0 Amp to Vp = 30 Vdc) 


(leq = 15 Amp, di/dt = 25 A/us) 


Reverse Recovery Current 


(Ip = 1.0 Amp to Vp = 30 Vdc) 
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MR830 MR831. 
MR832 MR834 
MR836 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
3 AMPERES 


CASE 60-1 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion 
resistant and leads readily solderable 


POLARITY: Cathode to Case 
WEIGHT: 2.4 Grams (Approximately) 


i 
| 
| 


: —— Cc 


Peak Repetitive Reverse Voltage VRRM Volts 
Working Peak Reverse Voltage nae 200 600 
pc Biccking Voltage 


MR850 MR851. MR852 


~MR854 MR856_ 


Designers Data Sheet 


SUBMINIATURE SIZE, AXIAL LEAD MOUNTED 
“FAST RECOVERY POWER RECTIFIERS | 


. designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


Designer’s Data for "Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate ‘‘worst case’’ design. 


oe RATINGS 


an-RepettvePeak Revere Vohage| Vas [76 | 160 | 260 [asd | 660_| vow | 
Pine eee ee ee oe ee 


Average Rectified Forward Current nnn 3) en 
(Single phase resistive load, . 
Ta = 90°C) (1) 
Non-Repetitive Peak Surge Current 
(surge apptied at rated load 
conditions) 


Operating and Storage Junction Ty. stg |——————_ - 65 to +1 a5 nance 
Temperature Range (2) 


THERMAL CHARACTERISTICS 


a 


Thermal Resistance, Junction to Ambient 
(Recommended Printed Circuit Board Mouting, 
See Note 6, Page 8) 


ELECTRICAL CHARACTERISTICS 


10 
(one cycle) 


Instantaneous Forward Voltage 
(ig = 9.4 Amp, Ty = 175°C) 


Reverse Current (rated dc voltage) Ty = 25°C 
‘MR850 

MR851 

Ty = 100°C { MR852 

MR854 

\ MR856 


REVERSE RECOVERY CHARACTERISTICS 


Reverse Recovery Time 
(Ig = 1.0 Amp to Vp = 30 Vdc, Figure 25) 
(Ie = 15 Amp, di/dt = 10 A/us, Figure 26) 


(1) Must be derated for reverse power dissipation. See Note 2, Page 4 
(2) Oerate as shown in Figure 1 
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MOTOROLA 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
3 AMPERE 


‘CASE 267-01. 


MECHANICAL CHARACTERISTICS 
Case: Transfer Molded Plastic 


’ Finish: External Leads are Plated, 


Leads are readily Solderable 
Polarity: Cathode Indicated by Po- 
larity Band 


Weight: 1.1 Grams (Approximately) - 
Maximum Lead Temperature for — 
Soldering Purposes: 
300°C, 1/8” from case for 10 s 
at 5.0 Ib. tension 


MR850, MR851, MR852, MR854, MR856 


MAXIMUM CURRENT AND TEMPERATURE RATINGS 


FIGURE 1 — MAXIMUM ALLOWABLE JUNCTION TEMPERATURE 


(max) from its maximum 


C. See Note 2 for additional information 


When operating this rectifier at junction temperatures 
over 120°C, reverse power dissipation and the possibil- 
ity of thermal runaway must be considered. The data 
of Figure 1 is based upon worst case reverse power and 
When current ratings are computed from T j(max) and 
reverse power dissipation is also included, ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 


on derating for reverse power dissipation. 


should be used to derate Ty 


value of 175° 
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Vp, PEAK REVERSE VOLTAGE (VOLTS) 


RESISTIVE LOAD RATINGS 
Printed Circuit Board Mounting — See Note 6, Page 8 


FIGURE 3 — SQUARE WAVE INPUT 


FIGURE 2 — SINE WAVE INPUT 
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Ta, AMBIENT TEMPERATURE (°C) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — SQUARE WAVE INPUT 


FIGURE 4 — SINE WAVE INPUT 
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MR850, MR851, MR852, MR854, MR856 


MAXIMUM CURRENT RATINGS 


Since reverse power dissipation is not considered in Figures 6 thru 11, addi- 


tional derating for reverse voltage and for junction to ambient thermal resistance must be applied. See Note 2. 
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tion data of Figures 19 and. 20. 


RESISTIVE-INDUCTIVE 
BOTH LEADS TO HEAT 
SINK WITH LENGTHS 


RESISTIVE LOAD 
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SQUARE WAVE INPUTS 
FIGURE 7 — EFFECT OF LEAD LENGTHS, 
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RESISTIVE LOAD 


SINE WAVE INPUTS 
FIGURE 6 — EFFECT OF LEAD LENGTHS, 
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TL, LEAD TEMPERATURE (°C) 


Ti, LEAD TEMPERATURE (°C) 


FIGURE 9 — 1/8” LEAD LENGTH, VARIOUS LOADS 


LEAD LENGTH, VARIOUS LOADS 


FIGURE 8 — 1/8” 
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FIGURE 10 — PRINTED CIRCUIT BOARD MOUNTING, 
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MR850, MR851, MR852, MR854, MR856 


PR(AV), AVERAGE REVERSE POWER 
DISSIPATION (mW) 


IR, REVERSE CURRENT (NORMALIZED) 


REVERSE POWER DISSIPATION AND CURRENT 


NOTE 2 
DERATING FOR REVERSE POWER DISSIPATION 


In this rectifier, power loss due to reverse current is generally not 
negligible. For reliable circuit design, the maximum junction 
temperature must be limited to either 175°C or the temperature 
which results in thermal runaway. Proper derating may be accom- 
plished by use of equation 1 or equation 2. 


Equation 1 
Where: 


Ta = 14 ~- (175 - Ty(max)) - PR Rosa 
T1 = Maximum Allowable Ambient Temperature 


neglecting reverse power dissipation (from Figures 
10 or 11) 


TJ(max) = Maximum Allowable Junction Tempera- 
ture to prevent thermal runaway or 175°C, which 
ever is lower. (See Figure 1). 


PR = Reverse Power Dissipation (From Figure 12 
or 13, adjusted for Tj(max) a5 shown below) 


Roja = Thermal Resistance, Junction to Ambient. 


When thermal resistance, junction to ambient, is over 20°C/W, 
the effect of thermal response is negligible. Satisfactory derating 
may be found by using: 


Equation 2 Ta = Ty(max) - (PR + PF) Rasa 


Pr = Forward Power Dissipation (See Figures 19 & 
Other terms defined above. 


The reverse power given on Figures 12 and 13 is calculated for 
Ty = 150°C. When Ty is tower, Pp will decrease; its value can be 
found by multiplying PR by the normalized reverse current from 
Figure 14 at the temperature of interest. 

The reverse power data is calculated for half wave rectification 
circuits. For full wave rectification using either a bridge or a 
center-tapped transformer, the data for resistive loads is equiva- 
lent when Vp is the line to line voltage across the rectifiers. For 
capacitive loads, it is recommended that the dc case on Figure 13 
be used, regardless of input waveform, for bridge circuits. For 


FIGURE 12 — REVERSE POWER DISSIPATION, SINE WAVE 
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capacitively loaded full wave center-tapped circuits, the 20:1 
data of Figure 12 should be used for sine wave inputs and the 
capacitive load data of Figure 13 should be used for square wave 
inputs regardless of !(p)/I(ay). For these two cases, Vp is the 
voltage across one leg of the transformer. 


Example 1 Find maximum ambient temperature for lay =2A, 
capacitive load of IpK/tay = 20, Input Voltage = 
60 V (rms), sine wave, Rg ja = 28°C/W, half wave 


Circuit. 
(using Equation 1) 
Find Vp; Vp = V2 Vin = 85 V, Va(pk) = 170 


Find 
157° 


Find PRimax) from Figure 12. Read PR = 360 
mW @ 150°C 


Find | normalized from Figure 14. Read |R (norm) 
=1.5 | 


Correct PR to Ty(max)- PR = IR(norm) X PR 
(Figure 12) PR = 1.5 x 360 = 540 mw 


Find Ta = 14 from Figure 10. Read T, =94°C 


Solution 1 . 
Step 1: 
Step 2: 


g dimax) from Figure 1. Read T y(max) = 


Step 3: 
Step 4: 
Step 5: 


Step 6: 


Step 7: Compute Ta from Ta = 14 -(175-Tj(max) -PR Roja 
Ta =94-(175 - 157) - (0.54) (28) 


Ta = 61°C 
Solution 2. (using Equation 2) 
Steps 1 thru 5 are as Solution 1 
Step 6: Find Pe from Figure 19. Read Pe = 3.0W 
Step 7: Compute Ta from Ta =T j(max) - (PR +PEe) Raga 
Ta = 157 - (0.54 + 3)28 
Ta = 58°C 
The discrepancy occurs because thermal response is factored into 
solution 1, and advantage is taken of the cooling time after the 


power pulse and before reverse voltage achieves its maximum. 
61°C is a satisfactory ambient temperature. 


FIGURE 13 — REVERSE POWER DISSIPATION, SQUARE WAVE 
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FIGURE 15 — TYPICAL REVERSE CURRENT 
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STATIC CHARACTERISTICS 


FIGURE 16 — FORWARD VOLTAGE 
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FIGURE 19 — FORWARD POWER DISSIPATION 
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FIGURE 17 — MAXIMUM SURGE CAPABILITY 
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FIGURE 18 — FORWARD VOLTAGE TEMPERATURE 
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FIGURE 20 — FORWARD POWER DISSIPATION 


aan ee ee ee 4 
ee eee 
Bs eae 


8.0 


6.0 AeA NPA 3 : 
LOADS HAV) KLAN aa 
Dea Dirt | NI 
eM 


AND LARGE 
CAPACITIVE 


0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
IF(AV), AVERAGE FORWARD CURRENT (AMP) 


MR850, MR851, MR852, MR854, MR856 


Qr, RECOVERED STORED CHARGE (yc) 


Or, RECOVERED STORED CHARGE (uc) 


TYPICAL RECOVERED STORED CHARAGE DATA 
21 — Ty = 25°C 
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FIGURE 23 — Ty = 100°C 
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NOTE 3 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using |l- = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast: recovery 
rectifiers is shown. 


IRM(REC) 


From stored charge curves versus di/dt, recovery time (ty) 
and peak reverse recovery current (IRiy(REC)) can be closely 


approximated using the following formulas: 


| 


IRM(REC) = 1.41 x [QR x di/d 


t] 1/2 
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DYNAMIC CHARACTERISTICS 


FIGURE 25 — REVERSE RECOVERY CIRCUIT 
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FIGURE 26 — JEDEC REVERSE RECOVERY CIRCUIT _ 
owen R1 = 50 Ohms 
LI R2 = 250 Ohms 
di/dt ADJUST D1 = 1N4723 
71 D2 = 1N4001 
D3 = 1N4934 
SCR1 = MCR729-10 
120 VAC C1=0.5 to 50 uF 
C2 = 4000 uF 
ae L1=1.0-27 pH 
T1 = Variac Adjusts (pK) and di/dt 
T2= 1:1 
T3 = 1:1 (to trigger circuit) 
R<0.25 2 
L <0.01 pH 
OSCILLOSCOPE O CURRENT 
; VIEWING. 
RESISTOR 
FIGURE 27 — FORWARD RECOVERY TIME a ; FIGURE 28 — JUNCTION CAPACITANCE 
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MR850, MR851, MR852, MR854, MR856 


r(t), EFFECTIVE TRANSIENT THERMAL 


RESISTANCE (NORMALIZED) 


FIGURE 29 — THERMAL RESPONSE 
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FIGURE 30 — STEADY-STATE THERMAL RESISTANCE 
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NOTE 4 


To determine maximum junction temperature of the diode 
in a given situation, the following procedure is recommended: 


The temperature of the lead should be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
jarge enough so that it will not significantly respond to heat 
surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value 
of T,, the junction temperature may be determined by: 


Ty= TL t+ oTyt 


where A Ty, is the increase in junction temperature above the 
lead temperature. it may be determined by: 


4 Tyr = Ppk * Rost (OD + UW - D) s r(ty + ty) + rth) - r(tq)) 


where r(t) = normalized value of transient thermai resistance at 
time t from Figure 29, i.e.: 


(ty + tp) = normalized value of transient thermal resistance at 
time ty + ty. 


Pok Pok 
: DUTY CYCLE = tp/ty 
‘p PEAK POWER, Ppk, is peak of an 


TIME equivalent square power pulse. 


NOTE 5 


Use of the above mode! permits junction to lead thermal! 
resistance for any mounting configuration to be found. Fora 
given total lead length, lowest values occur when one side of the 
rectifier is brought as close as possible to the heat sink. Termsin 
the model signify: 


Ta = Ambient Temperature Regs = Thermal Resistance, Heat 
Sink to Ambient 

Rei = Thermal Resistance, 
to Heat Sink 

Rgy = Thermal Resistance, Junc- 
tion to Case 

Pp = Total Power Dissipation = 

Pe + PR 

Forward Power Dissipation 

Reverse Power Dissipation 


TL = Lead Temperature Lead 


Tc = Case Temperature 


Ty = Junction Temperature 
Pr 
PR 

(Subscripts A and K refer to anode and cathode sides respectively.) 

Values for thermal resistance components are: 

Rei = 46°C/W/IN. Typically and 48°C/W/IN Maximum. 

Rey = 10°C/W Typically and 16°C/W Maximum. 


The maximum lead temperature may be found as follows: 


Te = Ty(max) - 4 TIL 


where 
STyL can be approximated as follows: 
4Tyt ~*~ Rest * Pp: Po is the sum of forward 
and reverse power dissipation shown in Figures 
2 and 4 for sine wave operation and Figures 3 
and 5 for square wave operation. 
THERMAL CIRCUIT MODEL 
(For Heat Conduction Through the Leads) 
Rosa 7 ROLA F ROJA R@JK R@LK Resk 
ie () 
—ae TAA ol TAK — 
TLA TcA OY TCK TLK 
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NOTE 6 


Data shown for thermal resistance junction-to-ambient (Rg ja) 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering or in case the tie point temperature 
cannot be measured. 


TYPICAL VALUES FOR RajaiN STILL AIR 


MOUNTING METHOD 1 


P.C. Board Where Available Copper 
Surface area is small. 


— 


— 


y 


MOUNTING METHOD 2 
Vector Pin Mounting 


Vector Push-!n Terminals T-28 


MOUNTING MET*OD 3 


P.C. Board with 
1-1/2" x 1-1/2" Copper Surface 


Board Ground Plane 


MRS60 MRSG1 
MR8S62 MRS64 
MRS66 


Designers 


Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. . . designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 


at frequencies to 250 kHz. 


Designer's Data for ‘‘Worst Case’’ Conditions 


The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
RMS Reverse Voltage 


Average Rectified Forward Current 
(Single phase, resistive load, 


Tc = 100°C) 


Non-Repetitive Peak Surge Current 
(surge applied at rated load 
conditions) 


Operating Junction Temperature 
Range 


Storage Temperature Range 


THERMAL CHARACTERISTICS 
a 
[Fron Reser uctonioew [Aye [| 0s tem 


ELECTRICAL CHARACTERISTICS 


ee 


Instantaneous Forward Voltage 
- (ig = 125 Amp, Ty = 150°C) 


Forward Voltage 
(Ig = 40 Amp, Tc = 25°C) 


Reverse Current (rated dc voltage) 
Tc = 25°C 
Tc = 100°C 


Reverse Recovery Time 
(tg = 1.0 Amp to Va = 30 Vdc, Figure 
leas = 36 Amp, di/dt = 25 - Fig 


Reverse Recovery Current 
(I¢ = 1.0 Amp to Va = 30 Vdc, Figure 16) 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed 


FINISH: All external surfaces corrosion 
resistant and readily solderable 


POLARITY: Cathode to Case 


WEIGHT: 17 Grams (Approximately) 
STUD TORQUE: 25 in. Ibs. 
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MOTOROLA 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
40 AMPERES 


1/4-28 UNF-2A 
TERM.2 


oak METERS ances 
| MIN | MAX | MIN | 


| A {16.94 | 17.45 | 0.669 
|B | — {16.94 | — | 0.667 


NOTES: 

. DIM “P” IS DIA. 

. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 

. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 

. THREADS ARE PLATED. 

. DIMENSIONING AND TOLERANCING PER 
ANS! Y14.5, 1973. 


"CASE 267-01 
DO-5 


MR860, MR861, MR862, MR864, MR866 


FIGURE 1 — FORWARD VOLTAGE 
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FIGURE 2 — MAXIMUM SURGE 
CAPABILITY 


RPS RIE Prior to surge, the rectifier 
PAT] | TTT] is operated such that Tj = 160°C; 
want VRRM may be applied between 


each cycle of surge. 
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NOTE 1 


DUTY CYCLE, D = tp/ty 
PEAK POWER, Pox, !s peak of an 


equivalent square power pulse. 
TIME 


To determine maximum junction temperature of the diode in a given situation, 
the following procedure is recommended: 


The temperature of the case should be measured using a thermocouple placed 
on the case at the temperature reference point (see Note 3). The thermal mass 
connected to the case is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result of pulsed operation once 
steady-state conditions are achieved. Using the measured value of Tc, the junction 
temperature may be determined by: 

Tye Tete Ne 
where /- Tyc is the increase in junction temperature above the case temperature. 
It may be determined by: 

ATjc =Ppk “Rose (D + (1- D) - r(ty + tp) + ftp) — r(tq)) 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 

3, ie: 

r (ty + tp) = normalized value of transient thermal resistance at time ty + tp. 


FIGURE 3 — THERMAL RESPONSE 
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-MR860, MR861, MR862, MR&64, MR866 


‘SINE WAVE INPUT 


SQUARE WAVE INPUT | 


FIGURE 4 — FORWARD POWER 


FIGURE 5 — FORWARD POWER 
DISSIPATION 


DISSIPATION 
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FIGURE 6 — CURRENT DERATING 
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ee 9 — NORMALIZED REVERSE CURRENT 


FIGURE 8 — TYPICAL REVERSE CURRENT 
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MR860, MR861, MR862, MR864, MR866 


FIGURE 11 — JUNCTION CAPACITANCE 


FIGURE 10 — FORWARD RECOVERY 
TIME 
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TYPICAL RECOVERED STORED CHARGE DATA 


—Ty =75°C 


(See Note 2) FIGURE 13 
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FIGURE 15 — Ty = 150°C 


FIGURE 14 — Ty = 100°C 
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| MR860, MR861, MR862, MR864, MR866 


FIGURE 16 ~ REVERSE 


RECOVERY CIRCUIT 


A A — TEKTRONIX 545A, K PLUG IN 
115 Vac 10k Rj 302 PRE-AMP, P6000 PROBE OR EQUIVALENT 
2W 32 50 W 
60 Hz 25 W NON-INDUCTIVE Rj — ADJUSTED FOR 1.4 QBETWEEN 
O nie POINT 2 OF RELAY AND RECTIFIER 
aie UNDER TEST INDUCTANCE ~ 38 wH 
BEFORE R2 — TEN-1 W, 10 2, 1% CARBON CORE 
C.P. CLARE BREAK IN PARALLEL 
HPG 1002 A 1AMP +10 
; Ta= 0 
reve Ta = 25 (9 °C FOR RECTIFIER 
: O FUSE ¢ MINIMIZE ALL LEAD LENGTHS 
30 Vde © Cy © 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1.0 uF RIPPLE = 3 mVrms MAX 
SUPPLY at 300 V Zout = 1% QMAX, DC to 2 kHz 


FIGURE 17 ~ JEDEC REVERSE RECOVERY CIRCUIT 


R1 


R1 = 50 Ohms 7 
R2 = 250 Ohms 
D1 = 1N4723 T2 
D2 = 1N4001 
D3 = 1N4933 120 VAC 
SCR1 = MCR729-10 60 Hz 
C1 =0.5 to 50 uF 
C2 ~ 4000 uF 14 
L1=1.0-27 4H 
T1 = Variac Adjusts 1(pK) and di/dt 
T2=1:1 
T3 = 1:1 (to trigger circuit) 


NOTE 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of al! Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using |l— = 1.0 A, Vy = 30 V. tn order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


L1 
di/dt ADJUST 


: (pK) ADJUST eo 


D2 


R<0.252 
L <0.01 wH 


OSCILLOSCOPE O © CURRENT 
VIEWING 
RESISTOR 


2 


'RM(REC) 


From stored charge curves versus di/dt, recovery time (t,r) 
and peak reverse recovery current (IRj(REC)) can be closely 
approximated using the following formulas: 


1/2 


IRM(REC) = 1.41 x [QR x di/dt] 


3-236 


) MOTOROLA 


Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


. designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF inter- 
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 250 kHz. 


Designer’s Data for ‘‘Worst Case’’ Conditions 
The Designers Data sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device character- 
istics — are given to facilitate ‘‘worst case’’ design. 


MAXIMUM RATINGS 


MRG7I] WRE7Z | MRETA | WRB7E [Unit 


Peak Repetitive Reverse Voitage VRRM Volts 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage VR 
Ree 
Average Rectified Forward Current Amps 
(Single phase, resistive load, ——————__—_. 50 --—-——_-_—_—- 
Tc = 100°C) ; 


on-Repetitive Peak Surge Current lESm 
(surge applied at rated load 
conditions) 


Operating Junction Temperature Ty 
Range 


Storage Temperature Range ~—t—_—_—_—_——— -65 to +175 > 


THERMAL CHARACTERISTICS 


Symbol 


ELECTRICAL BBARACIEN ISTICS 


[Character Smt 


NUne er Ane T= 0 ia a a 


(ip = 157 Amp, Ty = 160°C) 
i Bol 
25 50 
1.0 2.0 a 
REVERSE HECNen CHARACTERISTICS 


Symbol aa 


Reverse Recovery Time” 

(Ip = 1.0 Amp to VR = 30 Vdc, Figure 16) 

(leqq = 36 Amp, di/dt = 25 A/us,Figure 17) 

Reverse Recovery Current IRM(REC) 2.0 3.0 Amp 
ee ee 


MECHANICAL CHARACTERISTICS 
CASE: Welded, hermetically sealed POLARITY: Cathode to Case 


Forward Voltage 
(Ie = 50 Amp, Tc = 25°C) 
Reverse Current (rated dc voltage) 
Tc= 25°C 
Tc = 100°C 


FINISH: All external surfaces WEIGHT: 17 grams (approximately) 
corrosion resistant STUD TORQUE: 25 in. Ibs. 
and readily solderable 
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MR870 MR871 
MR872 MR874 


MR876 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
50 AMPERES 


NOTES: 
1. DIM “P’ IS DIA. 
2. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 
3. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 
4. THREADS ARE PLATED. 
5. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


CASE 257-01 
DO-5 


MR870, MR871, MR872, MR874, MR876 


FIGURE 1 — FORWARD VOLTAGE 


FIGURE 2 — MAXIMUM SURGE CAPABILITY 


160°C: 


VRRM may be applied between 


tp/ty 


PEAK POWER, Pox, is peak of an 


NUMBER OF CYCLES AT 60 Hz 
equivalent square power pulse. 


is operated such that Ty 
each cycle of surge 
DUTY CYCLE, D 
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NOTE 1 
Pok 
= Tec +4TYjC 


TJ 
where 4 Tjc is the increase in junction temperature above the case temperature. 


It may be determined by: 


te 


normalized value of transient thermal resistance at time, t, from Figure 


Pok “Rasc [D+ (1 -D) = e(ty + tp) + eltp) — e(ta)] 


The temperature of the case should be measured using a thermocouple placed 


On the case at the temperature reference point (see Note 3). The thermal! mass 


To determine maximum junction temperature of the diode in a given situation, 
connected to the case is normally large enough so that it will not significantly 


the following procedure is recommended: 


tp 
eee 


ATyc 


where 
3, i.e: 


r(t) 


steady-state conditionsare achieved. Using the measured value of Tc, the junction 


respond to heat surges generated in the diode as a result of pulsed operation once 
temperature may be determined by: 
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FIGURE 3 — THERMAL RESPONSE 
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MR870, MR871, MR872, MR874, MR876 


~ SQUARE WAVE INPUT 


SINE WAVE INPUT 


FIGURE 5 — FORWARD POWER DISSIPATION 


FIGURE 4 — FORWARD POWER DISSIPATION 


CeNNCEEH 
AAO 


NolLvaissia. 
Y3MOd GUVMYOS JOVUERAV (AV)dd 


(SLLYM) NOILWdISSIG Y3MOd 
GUYMHOS INWHRAY ‘AVIS 


IF(AV), AVERAGE FORWARD CUR ae ae 
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FIGURE 7 — CURRENT DERATING 
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FIGURE 6 — CURRENT DERATING 
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Lasts 9 — NORMALIZED REVERSE CURRENT 
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Paes 8 — TYPICAL REVERSE CURRENT 
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100 
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Vp, REVERSE VOLTAGE (VOLTS) 
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FIGURE 11 — JUNCTION CAPACITANCE 
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TYPICAL DYNAMIC CHARACTERISTICS 
TYPICAL RECOVERED STORED CHARGE DATA 


ip, FORWARD ae ae 


FIGURE 10 — FORWARD RECOVERY TIME 
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MR870, MR871, MR872, MR874, MR876 © 
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FIGURE 13 — Ty = 75°C 


(97) JNYWHO Q3IHOLS GIYSAONIIY. 80 


(See Note 2) 


INCASE + + 2 


20 


= 25°C 


FIGURE 12 —Ty 


i] 
_ 


o 
o 


ae 39YVHI G3yOLS aaianGaau 80 


di/dt, ee 


FIGURE 15 — Ty = 150°C 
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FIGURE 14 — Ty = 100°C 
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di/dt, eu 


MR870, MR871, MR872, MR874, MR876 


FIGURE 16 — REVERSE RECOVERY CIRCUIT 
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FUSE 


C.P. CLARE 
’ HPG 1002 


30 Vde Cy NON-INDUCTIVE 
CONSTANT VOLTAGE 1.0 pF 
SUPPLY _ + 300 V 


30 22 
50 W 
NON-INDUCTIVE 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


Ry — ADJUSTED FOR 1.4 2 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER 
INDUCTANCE = 38 wH 


R2 — TEN-1 W, 10 82, 1% CARBON CORE 
IN PARALLEL 


Ta = 25") oc FOR RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% QMAX, DC to 2 kHz 


FIGURE 17 — JEDEC REVERSE RECOVERY CIRCUIT 


R1 


R1 = 50 Ohms M1 

R2 = 250 Ohms 

Di = 1N4723 

D2 = 1N4001 

D3 = 1N4933 
SCR1 = MCR729-10 

C1 =0.5 to 50 pF 

C2 ~ 4000 uF 

L1=1.0-27 wH 

T1 = Variac Adjusts I(px) and di/dt 

T2=1:1 

T3 = 1:1 (to trigger circuit) 


T2 


-120 VAC 
60 Hz 


L1 
di/dt ADJUST 


* 1px) ADJUST y) 


D2 


R<0.252 
L <0.01 wH 


OQ CURRENT 
VIEWING 
RESISTOR 
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NOTE 2 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using I— = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C, 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


'RM(REC) 


From stored charge curves versus di/dt, recovery time (try) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 


1/2 
Q 
aie 
di/dt 


IRM(REC) = 1.41 x [QR x di/at] 1/ 
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MR1120 thru MR1126 


MR1128 MR1130 | MOTOROLA 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50-1000 VOLTS 
12 AMPERES 


MEDIUM-CURRENT SILICON RECTIFIER 


Medium-currentsilicon rectifiers feature high surge current 
capacity, and low forward voltage drop. 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 
60 cycle peak) 


: RMS Reverse Voltage 


Average Rectified Forward Current 
(single phase, resistive load, 60 Hz, 
Tc = 150°C) 


Peak Repetitive Forward Current 
(Tc = 150°C) 


Non-Repetitive Peak Surge Current 
(superimposed on rated current at 
rated voltage, Tc = 150°C) 


Full Cycle Average Forward Voltage Drop 


(Ig = 12 Amps and Rated Vy, 
Tc = 150°C, Half Wave Rectifier) 


DC Forward Voltage Drop 
(Ip = 12 Adc, Tc = 25°C) 


Full Cycle Average Reverse Current 
(Io = 12 Amps and Rated V,, 
Tc = 150°C, Half Wave Rectifier) 


DC Reverse Current 10-32 UNF-2A >=) 
(Rated Vp, Tc = 25°C) | = 


CASE 245-01 
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MR1120 thru MR1126, MR1128, MR1130 


THERMAL CHARACTERISTICS 
Maximum Steady State DC Thermal Resistance, Rg jc: 2.5°C/Watt 


MECHANICAL CHARACTERISTICS 

CASE: Welded, hermetically sealed construction. 

FINISH: All external surfaces corrosion-resistant and the terminal lug is readily solderable. 

POLARITY: CATHODE-TO-CASE (reverse polarity units are available upon request and are designated by an 
“R” suffix i.e. MR1120R). 

MOUNTING POSITIONS: Any 

STUD TORQUE: 15 in-lbs maximum. 


Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Pr yav) AVERAGE FORWARD POWER DISSIPATION (WATTS) 


TYPICAL FORWARD CHARACTERISTICS 


ih Et tt EEE 


Ty = 150°C 


ig, INSTANTANEOUS FORWARD CURRENT (AMP) 
MAXIMUM ALLOWABLE SURGE CURRENT 


FORWARD POWER DISSIPATION | 


iti tt ify 
= 150°C TO 190°C | | SVL 
aan AB UE 


3 PHASE (HALF WAVE OR 
FULL WAVE) 
6 PHASE WITH INTERPHASE 


28 


24 


20 


1 PHASE (HALF WAVE 
OR FULL WAVE) 


12 


Ie (av). AVERAGE FORWARD CURRENT (AMP) 


4.943 


Ips, PEAK HALF SINE WAVE CURRENT (AMPS) 


300 


SURGE APPLIED AT 
RATED LOAD CONDITIONS; 
VaM (rep) APPLIED AFTER 
SURGE @ 150°C 
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aN 


ll 
CUTIE ETHIE LL LT 
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a as 
ae 
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200 


150 


100 


50 


2 0 500 


NUMBER OF CYCLES AT 60 CYCLES PER SECOND 


MR1120 thru MR1126, MR1128, MR1130 


MAXIMUM CURRENT RATINGS 


2 SEAS (SER ESS 
ae Ee ee ee ieeaaetal 

a ae (60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
= 16 
: ees ie Saneaek hohe cene 
Se | seeaeear ieecmaney GaaReneT 
2 de eee ee ee 
= 3 PHASE (HALF WAVE OR FULL WAVE) [> —— 4 
E ae 
= 
<< 

eee Renae 


170 180 190 
Tc, MAXIMUM CASE TEMPERATURE (°C) 


3 0 130 140 150 160 


EFFECTIVE TRANSIENT THERMAL IMPEDANCE 


Ré sc (x), EFFECTIVE TRANSIENT JUNCTION 
TO CASE THERMAL IMPEDANCE (°C/WATT) 


001 002 005 01 02 05 “01 0.2 . 5 10 
t, TIME (SECONDS) 


CURRENT DERATING DATA 


CONDITIONS 
3x 3x 144 copper heat sink. 


. -fing 2 0.9 and mounted parallel to 
air flow. 180° conduction. 


PHASE DATA: 
’ For 3 phase ratings multiply 
_ current scale by 0.90. 
For 6 phase ratings multiply 
current scale by 0.63. 


Ie av) MAXIMUM ALLOWABLE AVERAGE FORWARD CURRENT (AMP) 


T,, AMBIENT TEMPERATURE (°C) 
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(AA) MOTOROLA 


MR2400 thru MR2406 


TAB-MOUNTED MEDIUM-CURRENT MEDIUM-CURRENT 


SILICON RECTIFIERS 
SILICON RECTIFIERS 


; Ewe a fs : 50-600 VOLTS 
... compact, highly efficient silicon rectifiers for medium current 24 AMPERES 


applications requiring: 


@ High Current Surge — 400 Amperes @ Tj = 175°C 
@ Peak Performance @ Elevated Temperature — 24 Amperes @ 
Tc = 150°C 
@ Low Cost 
@ Same Mounting as a TO-220AB 
CASE 339-02 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRWM 200 400 
DC Blocking Voltage | VR 
Nonrepetitive Peak Reverse Voltage © VRSM 120 240 480 
(half wave, single phase, 60 Hz peak) 
Average Rectified Forward Current —_ $$$ 24 ______________e Amp 
(Single phase, resistive load, 60 Hz, Tc = 150°C) 
Nonrepetitive Peak Surge Current 


(surge applied @ rated load conditions, 
half wave, single phase, 60 Hz) 


THERMAL CHARACTERISTICS 


Characteristic Symbol 
Thermal Resistance, Junction to Case RgJc 


Thermal Resistance, Junction to Air PC Board Mount, Perpendicular to Surface RaJA 


ELECTRICAL CHARACTERISTICS 
Characteristics and Conditions 
Maximum Instantaneous Forward Voltage (ip = 75.4 Amp, Tc = 25°C) 


Maximum Reverse Current (rated dc voltage) 
Tc = 25°C 
Tc = 100°C 


MECHANICAL CHARACTERISTICS 
CASE: Plastic encapsulated, metal tabs. 


FINISH: All external surfaces are corrosion resistant and the leads are readily solderable. 

POLARITY: Cathode to tab with hole; Reverse polarity available by adding ‘’R’’ Suffix, MR2402R. 
MOUNTING TORQUE: 8lin- Ib max. 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/8” from case for 10 seconds. 
WEIGHT: 3.6 Grams (Approximately). 
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MR2400 thru MR2406 


FIGURE 1 — FORWARD VOLTAGE 
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ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


FIGURE 4 — CURRENT DERATING 
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COEFFICIENT (mV/°C) 


FIGURE 2 — NONREPETITIVE SURGE CURRENT 
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FIGURE 3 — FORWARD VOLTAGE TEMPERATURE 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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MR2400 thru MR2406 


FIGURE 6 — THERMAL RESPONSE 
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NOTE 1 


DUTY CYCLE, D= ty /t1 
Pk PEAK POWER, Poke is peak of an 
equivalent square power pulse. 


emeenesy  caeeao! (iae Time FIGURE 7 — CAPACITANCE 


=vip daiermine irexittim juncllon temperatiieiet (os 500 Tet 
“COM 


diode in a given situation, the following procedure is i 
MEL 


recommended. 


rele 
Oe 
The temperature of the case should be measureed us- 300 fer Tn 
ing a thermocouple placed on the case at the temperature ry Rose Sle Pas ean ae 
reference point. The thermal mass connected to the case uw 500 a ee TOSI ee eee 
is normally large enough so that it will not significantly = LU TPN TL 
respond to heat surges generated in the diode as a result = oN 
of pulsed operation once steady-state conditions are = ALL DEVICES 
achieved. Using the measured value of Tc, the junction S ik —-—- — ALL DEVICES EXCEPT MR2400 
temperature may be determined by: = es ee ee 
ute tu EHS 
where ATJc is the increase in junction temperature iu aes eS Ei a Lipa ae. 
above the case temperature. It may be determined by: 50 ee 
ATyc = Pok @RGJC [D+(1 - D)er(t1 + to) + rtp) - r(tt)] 0.1 0.2 0.5 10 50 100 


where me REVERSE VOLTAGE (VOLTS) 
r(t) = normalized value of transient thermal resistance 
at time, t, from Figure 3, i.e.: 
r(t1 + tp) = normalized value of transient thermal resis- 
tance at time t1 + tp. 


FIGURE 8 — FORWARD RECOVERY TIME FIGURE 9 — REVERSE RECOVERY TIME 
. —- Po ee 
7 Ta a ~~ Hie 
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Lt, -| = << 
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MR2400 thru MR2406 


FIGURE 10 — RECTIFICATION WAVEFORM EFFICIENCY 


° TT ae 
eee aah Sees 


o, EFFICIENCY FACTOR 


“1.0 20 30 50 7.0 10 20 30 50 70 100 
f, FREQUENCY (kHz) 


~— H 
RECTIFICATION EFFICIENCY NOTE 


1-CATHODE 2-ANODE 


ha MILLIMETERS| INCHES | 
| MIN | MAX | MIN | MAX | 
TA | 14.22] 15.88 2.560. 0.625 


The rectification efficiency factor 0 shown in Figure 10 was 
calculated using the formula: 


V2o(de) 
P R ~ v2o6(de) 
pa 7 Le 100% = ——— 2 © 100% (1) 
Perms V“olrms) V2olac) + V2 (de) 
ge 


For a sine wave input Vp, sin (wt) to the diode, assume lossless, 
. the maximum theoretical efficiency factor becomes: 
Vem CASE 339-02 

(Meets TO-220AB except dimension ‘’C’’) 


n2R 4 
5 (sine) ~ e 100% =—~ @e 100% - 40.6% (2) 
| V2m n2 
| pei 
4Re 
For a square wave input of amplitude Vp, the efficiency factor . 
becomes: 
V2u 
L | ¢} fo) 
3 (square) = © 100% = 50% (3) 
V2, 
Re 


(A full wave circuit has twice these efficiencies) 


As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing ac voltage component across R, which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor a, as shown on Figure 10. 


It should be emphasized that Figure. 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vg with a 
true rms ac voltmeter and the dc component with adc voltmeter. 

The data was used in Equation 1 to obtain points for Figure 10. 
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MR2400F 


MOTOROLA thru 
(AA) MR2406F 


FAST RECOVERY 


TAB-MOUNTED FAST RECOVERY POWER RECTIFIERS 
POWER RECTIFIERS 50-600 VOLTS 


.. . designed for special applications such as dc power supplies, 24 AMPERES 


inverters, converters, ultrasonic systems, choppers, low RF inter- 
ference, sonar power supplies and free wheeling diodes. Acomplete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 250 kHz. 


@ Same Mounting as a TO-220AB 

@ Cost Effective in Low Current Applications 
@ Lead or Chassis Mounted 
@ High Surge Current Capability : if CASE 339-02 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Nonrepetitive Peak Reverse Voltage 
RMS Reverse Voltage VR(RMS) 


Average Rectified Forward Current 4-—-——— OO 
(Single phase, resistive load, Tc = 125°C) 


Nonrepetitive Peak Surge Current lIFSM <——____—__—_——— 300 (for 1 cycle) ———_——- 
(surge applied @ rated load conditions) 


-65 to +150 ————__—_____» 


Storage Temperature Range 


THERMAL CHARACTERISTICS 
Characteristic 
Therma! Resistance, Junction to Case: 
Therma! Resistance, Junction to Air, PC Board Mount; Perpendicular to Surface 


ELECTRICAL CHARACTERISTICS 


Instantaneous Forward Voltage (ip = 75 Amp, Ty = 150°C) 


Forward Voltage (Ip = 24 Amp, Tc = 25°C) 
Reverse Current (rated dc voltage) Tc = 25°C 
Tc = 100°C 
. Tc = 150°C 


REVERSE RECOVERY CHARACTERISTICS 


Reverse Recover Time — Soft Recovery 
(IF|= 1.0 Amp to Vp = 30 Vdc, Figure 19) 
(lFM = 36 Amp, di/dt = 25 A/ys, Figure 20) 


Reverse Recovery Current 
(IF = 1.0 Amp to Vp = 30 Vdc, Figure 19) 
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MR2400F thru MR2406F 


ig. INSTANTANEOUS FORWARD CURRENT (AMP) 


r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) - 
Oo 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE 
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“FIGURE 2 — MAXIMUM SURGE CAPABILITY 


Prior to surge, the rectifier 
is operated such that Ty = 150°C; 
VaRM may be applied between 
Pe each cycle of surge 


BESii ; 
BEC OR me eT 
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PERCENT OF RATED 1 CYCLE 
SURGE (If,q SURGE) 


0 
1.0 3.0 5.0 7.010 20 30 50 70100 
NUMBER OF CYCLES AT 60 Hz 
NOTE 1 


DUTY CYCLE, D= tp/tl 
Pk PEAK POWER, Ppk, is peak of an 
tp equivalent square power pulse. 


ay cea Time 


To determine maximum junction temperature of the 
diode in a given situation, the following procedure is 
recommended. 

The temperature of the case should be measureed us- 
ing athermocouple placed on the case atthetemperature — 
reference point. The thermal mass connected to the case 


1.0 /—~ is normally large enough so that it will not significantly 
lane a Ff SS SY || respond to heat surges generated in the diode as a result 
0.7 ss ower Pee a sa of pulsed operation once steady-state conditions are 
ae 4 —— achieved. Using the measured value of Tc, the junction 
2 temperature may be determined by: 
Ty=Tc+ATyc 
0.3 where ATJC is the increase in junction temperature 


0.4 6 1.8 


VF, cere sage ee 


FIGURE 3 — THERMALR 


above the case temperature. It may be determined by: 
ATIC = Pox @Reyc [D + (1 - D)er(tt + tp) + (tp) - r(t1)] 
where 
r(t) = normalized value of transient thermal resistance 
at time, t, from Figure 3, i.e.: 
r(t1 + ty) = normalized value of transient thermal resis- 
tance at time t1 + tp. 
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MR2400F thru MR2406F 


CHASSIS MOUNT RATING DATA 
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-MR2400F thru MR2406F 


TYPICAL DYNAMIC CHARACTERISTICS | 


FIGURE 10 — FORWARD RECOVERY TIME FIGURE 11 — JUNCTION CAPACITANCE 


0 Teo 


— =aseF 
. ee 
3 ee = 
= a Lal re 
2 ae ee SED : 
: UU Peg a es os a 
2 sos 5 ShSli aa a See en 
| cet GNSRRS ET SWC OS GSES TSG a CB S tT ee 
x ’ 2 
x 05 Hf —}—4 {| — eee Ss 
=e ca a ea a a i 
5 03 eee Hee OS) So 8 eee a a S 
wa . =~ 
ae TTT LT aad : 
a eae | 


1.0 2.0 5.0 10 20 50 100 
Ip, FORWARD CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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NOTE 2 


Figure 14 shows the current carrying capability of a 
device mounted on a printed circuit board with a typical 
TO-220 type heatsink having a sink-to-air thermal resis- 


tance of 12°C/W. Allowing another 2°C/W for Rgjc plus 
Recs (case-to-sink) puts the total at 14°C/W as indicated. 
The unit and heatsink were mounted perpendicular to the 
printed circuit board for this data. 


IF(av). AVERAGE FORWARD CURRENT (AMP) 


0 20 40 60 80 100 120 #140 §=6160 
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MR2400F thru MR2406F 


Or. RECOVERED STORED CHARGE (yc) 


Or, RECOVERED STORED CHARGE (yc) 


TYPICAL RECOVERED STORED CHARGE DATA 
(See Note 3) 


FIGURE 15 — Ty = 25°C 
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FIGURE 17 — Ty = 100°C 
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FIGURE 16 — Ty = 75°C 
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di/dt, (AMP/us) 


FIGURE 18 — Ty = 150°C 
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Or, RECOVERED STORED CHARGE (uc) 
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Za 


di/dt (AMP/ys) 


NOTE 3 


Reverse recovery time is the period which elapses from the 
time that the current, thru a previously forward biased rectifier 
diode, passes thru zero going negatively until the reverse current 
recovers to a point which is less than 10% peak reverse current. 

Reverse recovery time is a direct function of the forward 
current prior. to the application of reverse voltage. 

For any given rectifier, recovery time is very circuit depend- 
ent. Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using lp = 1.0 A, VR = 30 V. In order to cover all circuit 
conditions, curves are given for typical recovered stored charge 
versus commutation di/dt for various levels of forward current 
and for junction temperatures of 25°C, 75°C, 100°C, and 
150°C. 

To use these curves, it is necessary to know the forward 
current level just before commutation, the circuit commutation 
di/dt, and the operating junction temperature. The reverse re- 
covery test current waveform for all Motorola fast recovery 
rectifiers is shown. 


'RM(REC) 


From stored charge curves versus di/dt, recovery time (t,,) 
and peak reverse recovery current (IRM(REC)) can be closely 
approximated using the following formulas: 


Or 1/2 
trp = 1.41 x} — 
di/dt 


1/2, 


'RM(REC) =.1.41 x [ap x di/dt} 
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MR2400F thru MR2406F 


FIGURE 19 — MOTOROLA REVERSE RECOVERY CIRCUIT 


10 k Ry 30 2 
eas 2W 32 50W 
25 W NON-INDUCTIVE 
O (¥ UNIT 
UNDER TEST 
C.P. CLARE 
HPG 1002 A. 1 AMP 
SLO-BLO Ro 
O FUSE 12 
: Be | 10W 
30 Vde C} NON-INDUCTIVE 
CONSTANT VOLTAGE 1.0 uF 
SUPPLY | + 300 V 


FIGURE 20 — JEDEC REVERSE RECOVERY CIRCUIT 
R1 


L1 


di/dt ADJUST 
T1 


120 Vac 


P 
60 Hz lipK) ADJUST 


D2 


R1 = 50 Ohms ~ R<0.252 

R2 = 250 Ohms L <0.01 wH 

D1 = 1N4723 

D2 = 1N4001 

D3 = 1N4933 
SCR1 = MCR729-10 OSCILLOSCOPE O © CURRENT 

C1 =0.5 to 50 uF _ VIEWING 

C2 = 4000 yf RESISTOR 

L1=1.0-27uH 

T1 = Variac Adjusts 1(pK) and di/dt 

T229:1 

T3 = 1:1 (to trigger circuit) 


FIGURE 21 — REVERSE RECOVERY CHARACTERISTIC 


—— ie at 


Time 


—I!IR(REC) = 35 A MAX 
SOFT RECOVERY 


MECHANICAL CHARACTERISTICS 
CASE: Plastic Encapsulated, Metal Tabs. 


FINISH: All external surfaces are corrosion resistant and are readily solderable. 


A — TEKTRONIX 545A, K PLUG IN 
PRE-AMP, P6000 PROBE OR EQUIVALENT 


_Ry — ADJUSTED FOR 1.4 QBETWEEN 
POINT 2 OF RELAY AND RECTIFIER - 
INOUCTANCE ~ 38 wH 


R2 - TEN-1W, 10 Q, 1% CARBON CORE 
IN PARALLEL 


Ta = 25 *')°C FOR RECTIFIER 
MINIMIZE ALL LEAD LENGTHS 


1.0 Adc FROM CONSTANT VOLTAGE SUPPLY 
RIPPLE = 3 mVrms MAX 


Zout = 1% S2MAX, DC to 2 kHz 


4 
G lal: ‘ peal ——H 
1-CATHODE  2-ANODE 


/MILLIMETERS| INCHES __| 
| MIN | MAX | MIN | MAX_| 
PA {14.22 15.88 | 0.560 | 0.625 | 
PB [9.65] 10.67 | 0.380 [0.420 | 
PO {064 { 1.14 [0.028 | 0.045 | 
CF {1.52 | 2.29 | 0,060 | 0.090 | 
PG [4.32 
PH 2.03 


| J | 0.58] 0.74 | 0.023 | 0.029 | 
pK = | 4.27 | = | 0.562 | 
| 30.15 | — | 1.187 | 
TN | 86 {0 
| P 
oO | 

LR 


CASE 339-02 


(Meets TO-220AB except dimension ‘’C’’) 


POLARITY: Cathode to Tab with hole; Reverse polarity available by adding ‘’R’’ Suffix, MR2402FR. 
WEIGHT: 3.6 Grams (Approximately). 
MOUNTING TORQUE: 8 in-lbs max. 
MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3/8” from case for 10 seconds. 
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(AA) MOTOROLA 


MEDIUM-CURRENT SILICON RECTIFIERS 


...compact, highly efficient silicon rectifiers for medium-current 
applications requiring: 


@ High Current Surge — 400 Amperes @ Ty = 175°C 
@ Peak Performance @ Elevated Temperature — 25 Amperes @ 
Tc = 150°C 
Low Cost 


Compact, Molded Package — For Optimum Efficiency in a Small 
Case Configuration 


@ Available With a Single Lead Attached 


MAXIMUM RATINGS 


Symbol eae ae we] we] we] we 
Peak Repetitive Reverse Voltage | Varnmw Volts 
Working Peak Reverse Voltage VeRwM 100; 200 800 
DC Blocking Voltage VR 
Non-Repetitive Peak Reverse VRSM 120} 240} 480}; 720 1200} Volts 
Vojtage (half wave, single phase, 
60 Hz peak) | 
he a 
load conditions, half wave, 
single phase, 60 Hz) 
Operating and Storage Junction Ty. Tstg | <——-—_ -65 to +1. 75 —_—_______ 6 
Temperature Range 


Average Rectified Forward Current 
THERMAL CHARACTERISTICS 


(Single phase, resistive load, 
Characteristic 


60 Hz, Tc = 150°C) 


Non-Repetitive Peak Surge 
Current (surge applied @ rated 


Maximum Instantaneous Forward Voltage 
(ip = 78.5 Amp, Tc = 25°C) 

Maximum Reverse Current (rated dc voltage) 
Tce = 25°C 
Tc = 100°C 


MECHANICAL CHARACTERISTICS 


CASE: Transfer Molded Plastic 


FINISH: All External Surfaces are Corrosion Resistant and the Contact Areas Readily 
Solderable. : 


POLARITY: Indicated by dot on Cathode Side 

MOUNTING POSITIONS: Any 

MAXIMUM TEMPERATURE FOR SOLDERING PURPOSES: 250°C 
WEIGHT: 1.8 Grams (Approximately) . 
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MR2500,M 
Series 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50 — 1000 VOLTS 
25 AMPERES 
DIFFUSED JUNCTION 


MILLIMETERS| INCHES | 


P MIN [MAX | MIN | 
| A | 843 | 8.69 | 0.332 | 0.342 | 
A ee ET 
| 5.64 | 0.218 | 0.222 | 


CASE 193-04 
MR2500M SERIES 


CASE 139-03 
MR2500 SERIES 


MR2500 Series, MR2500M Series 


FIGURE 2 — NON-REPETITIVE SURGE CURRENT 


FIGURE 1 — FORWARD VOLTAGE | 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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MR2500 Series, MR2500M Series 


FIGURE 6 — THERMAL RESPONSE 
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 
i=) 


DUTY CYCLE, D = tp/ty 
PEAK POWER, Pok. is peak of an 


TIME equivalent square power pulse. 


To determine maximum junction temperature of the diode in a given situation, the following 
procedure is recommended 

The temperature of the case should be measured using a thermacouple placed on the Case at 
the temperature reterence point (see the outline drawing on page 1). The thermal mass connected 
to the case is normally large enough so that it will not significantly respond to heat surges 
generated in the diode as a result of pulsed operation once steady state conditions are achieved 
Using the measured value of TC, the junction temperature may be determined by” 

Ty=Totatye 

where .”. TJ is the increase in junction temperature above the case temperature. It may be 
determined by: 


“TSC = Pok @ Ru jc {D+ (1B) @ rity + tp) + ety) ~ (tg) 
where 

r(t) = normalized value of transient thermal resistance at time, t, from Figure 6, i.e, . 

c(tyt tp) = normalized value of transient thermal resistance at time ty + tp- 


FIGURE 8 — FORWARD RECOVERY TIME 
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_MR2500 Series, MR2500M Series 


FIGURE 10 — RECTIFICATION WAVEFORM EFFICIENCY 


o, EFFICIENCY FACTOR 


“1.0 20 30 50 7.0 
f, FREQUENCY (kHz) 


RECTIFICATION EFFICIENCY NOTE 


FIGURE 11 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT 


The rectification efficiency factor o shown in Figure 10 was 
calculated using the formula: 


V2o(de) 
P R V2o(de) 
= Sah ieee A. @100% (1) 
Prms = V“olrms) V2olac) + V2o de) 
Fe 


For a sine wave input Vrpy sin (wt) to the diode, assume lossless, 
the maximum theoretical efficiency factor becomes: 


ven 
n2Ry 4 , 
S (sine) = v2 ® 100% = —5 @ 100% = 40.6% (2) 
m u 
4Re 


For a square wave input of amplitude Vy, the efficiency factor 
becomes: 


(square) = © 100% = 50% (3) 


m 


Re 
(A full wave circuit has twice these efficiencies) 


As the frequency of the input signal is increased, the reverse 
recovery time of the diode (Figure 9) becomes significant, result- 
ing in an increasing: ac voltage component across Ry which is 
opposite in polarity to the forward current, thereby reducing the 
value of the efficiency factor o, as shown on Figure 10. 

It should be emphasized that Figure 10 shows waveform 
efficiency only; it does not provide a measure of diode losses. 
Data was obtained by measuring the ac component of Vg with a 
true rms ac voltmeter and the dc component with a dc voltmeter. 
The data was used in Equation 1 to obtain points for Figure 10. 
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MR2500 Series, MR2500M Series 


ASSEMBLY AND SOLDERING INFORMATION 


There are two basic areas of consideration for successful 
implementation of button rectifiers: 

1. Mounting and Handling 

2. Soldering 
each should be carefully examined before attempting a 
finished assembly or mounting operation. 


MOUNTING AND HANDLING 
The button rectifier lends itself to a multitude of 
assembly arrangements but one key consideration must 
always be included: 
One Side of the Connections to 
the Button Must Be Flexible! 


Strain Relief Terminal 
for Button Rectifier 


This stress relief to the button 


should also be chosen for maxi- cial 
mum contact area to afford the Button 
best heat transfer — but not at 

the expense of flexibility. For an ES iced 
annealed copper terminal a thick- Sink 
ness of 0.015” is suggested. Material) 


The base heat sink may be of various materials whose 
shape and size are a function of the individual application 
and the heat transfer requirements. 


Common 
Materials Advantages and Disadvantages 
Steel Low Cost; relatively low heat conductivity 


Copper High Cost; high heat conductivity 


Aluminum Medium Cost; medium heat conductivity 
Relatively expensive to plate and not all 
platers can process aluminum. 


Handling of the button during assembly must be 
relatively gentle to minimize sharp impact shocks and 
avoid nicking of the plastic. Improperly designed automatic 
handling equipment is the worst source of unnecessary 
shocks. Techniques for vacuum handling and spring load- 
ing should be investigated. 

The mechanical stress limits for the button diode are 
as follows: 


Compression 32 Ibs. 142.3 Newton 


Tension 32 Ibs. 142.3 Newton 
Torsion 6-inch Ibs. 0.68 Newton-meters 
Shear 55 Ibs. 244.7 Newton 


MECHANICAL STRESS 
Compression 


| | 
. 4 
| 
Torsion 
| 
Tension 
Shear 


Exceeding these recommended maximums can result in 
electrical degradation of the device. 


SOLDERING 


The button rectifier is basically a semiconductor chip 
bonded between two nickel-plated copper heat sinks with 
an encapsulating material of thermal-setting silicone. The 
exposed metal areas are also tin plated to enhance 
solderability. 

In the soldering process it is important that the tem- 
perature not exceed 250°C if device damage is to be 
avoided. Various solder alloys can be used-for this oper- 
ation but two types are recommended for best results: 

1. 96.5% tin, 3.5% silver; Melting point is 221°C (this 

particular eutetic is used by Motorola for its button 
rectifier assemblies). 

2. 63% tin, 37% lead; Melting point 183°C (eutetic). 

Solder is available as preforms or paste. The paste 
contains both the metal and flux and can be dispensed 
rapidly. The solder preform requires the application of a 
flux to assure good wetting of the solder. The type of 
flux used depends upon. the degree of cleaning to be 
accomplished and is a function of the metals involved. 
These fluxes range from a mild rosin to a strong acid; e.g., 
Nickel plating oxides are best removed by an acid base 
flux while an activated rosin flux may be sufficient 
for tin plated parts. 

Since the button is relatively light-weight, there is a 
tendency for it to float when the solder becomes liquid. 
To prevent bad joints and misalignment it is suggested 
that a weighting or spring loaded fixture be employed. It 
is also important that severe thermal shock (either heating 
or cooling) be avoided as it may lead to damage of the die 
or encapsulant of the part. 


Button holding fixtures for use during soldering may be 
of various materials. Stainless steel has a longer use life 
while black anodized aluminum is less expensive and will 
limit heat reflection and enhance absorption. The assembly 
volume will influence the choice of materials. Fixture 
dimension tolerances for locating the button must allow 
for expansion during soldering as well as allowing for 
button clearance. 


HEATING TECHNIQUES 


The following four heating methods have their ad- 
vantages and disadvantages depending on, volume of 
buttons to be soldered. 

1. Belt Furnaces readily handle large or small volumes 
and are adaptable to establishment of ‘‘on-line”’ 
assembly since a variable belt speed sets the run 
rate. Individual furnace zone controls make excellent 
temperature contro! possible. 


2. Flame Soldering involves the directing of natural 
gas flame jets at the base of a heatsink as the heat- 
sink is indexed to various loading-heating-cooling- 
unloading positions. This is the most economical 
labor method of soldering large volumes. Flame 
soldering offers good temperature control but re- 
quires sophisticated temperature monitoring systems 
such as infrared. 
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MR2500 Series, MR2500M Series 


ASSEMBLY AND SOLDERING INFORMATION (continued) 


3. Ovens are good for batch soldering and are produc- 
tion limited. There are handling problems because 
of slow cooling. Response time is load dependent, 
being a function of the watt rating of the oven and 
the mass of parts. Large ovens may not give an 
acceptable temperature gradient. Capital cost is low 
compared to belt.furnaces and flame soldering. 


4. Hot Plates are good for soldering smal! quantities of 
prototype devices. Temperature control is fair with 
overshoot common because of the exposed heating 
surface. Solder flow and positioning can be cor- 
rected during soldering since the assembly is exposed. 
Investment cost is very low. 


Regardless of the heating method used, a soldering 
‘profile giving the time-temperature relationship of the 
particular method must be determined to assure proper 
soldering. Profiling must be performed on a scheduled 
basis to minimize poor soldering. The time-temperature 
relationship will change depending on the heating meth- 
od used. . 


SOLDER PROCESS EVALUATION 


Characteristics to look for when setting up the solder- 
ing process: 


| Overtemperature is indicated by any one or all three 
of the following observations. 

1. Remelting of the solder inside the button rectifier 
shows the temperature has exceeded 285°C and is 
noted by “‘islands’ of shiny solder and solder 
dewetting when a unit is broken apart. 

2. Cracked die inside the button may be observed by a 
moving reverse oscilloscope trace when pressure is 
applied to the unit. 

3. Cracked plastic may be caused by thermal shock as 
well as overtemperature so cooling rate should 
also be checked. 


Cold soldering gives a grainy appearance and solder 
build-up without a smooth continuous solder fillet. The 
temperature must be adjusted until the proper solder 
fillet is obtained within the maximum temperature 
limits. 


il! Incomplete solder fillets result from insufficient solder 
or parts not making proper contact. 


iV Tilted buttons can cause a void in the solder between 
the heatsink and button rectifier which will result in 
poor heat transfer during operation. An eight degree 
tilt is a suggested maximum value. 

V Plating problems require a knowledge of plating 
operations for complete understanding of observed 
deficiencies. 


1. Peeling or plating separation is generally seen when 
a button is broken away for solder inspection. If 
heatsink or terminal base metal is present the 
plating is poor and must be corrected. 

2. Thin plating allows the solder to penetrate through 
to the base metal and can give a poor connection. 
A suggested minimum plating thickness is 300 
microinches. 

3. Contaminated soldering surfaces may out-gas and 
Cause non-wetting resulting in voids in the solder 
connection. The exact cause is not always readily 
apparent and can be because of: _ 

(a) improper plating 
(b) mishandling of parts 
(c) improper and/or excessive storage time 


SOLDER PROCESS MONITORING 


Continuous monitoring of the soldering process must 
be established to minimize potential problems. All parts 
used in the soldering operation should be sampled on a lot 
by lot basis by assembly of a controlled sample. Evaluate 
the control sample by break-apart tests to view the solder 
connections, by physical strength tests and by dimensional 
characteristics for part mating. 

A shear test is a suggested way of testing the solder 
bond strength. 


POST SOLDERING OPERATION CONSIDERATIONS 


After soldering, the completed assembly must be un- 
loaded, washed and inspected. 

Unloading must be done carefully to avoid unnecessary 

stress. Assembly fixtures should be cooled to room 

temperature so solder profiles are not affected. 


Washing is mandatory if an acid flux is used because 
of its ionic and corrosive nature. Wash the assemblies 
in agitated hot water and detergent for three to five 
minutes. After washing; rinse, blow off excessive water 
and bake 30 minutes at 150°C to remove trapped 
moisture. 

Inspection should be both electrical and physical. Any 
rejects can be reworked as required. 


SUMMARY 


The Button Rectifier is an excellent building block for 
specialized applications. The prime example of its use is 
the output bridge of the automative alternator where 
millions are used each year. Although the material pre- 
sented here is not all inclusive, primary considerations for 
use are presented. For further information, contact the 
nearest Motorola Sales Office or franchised distributor. 


3-260 


(SS) MOTOROLA 


OVERVOLTAGE TRANSIENT SUPPRESSORS 


. designed for applications requiring a diode with reverse ava- 
lanche characteristics for use as reverse power transient Suppres- 
sors. Developed to suppress transients in the automotive system, 
these devices operate in the forward mode as standard rectifiers or 
reverse mode as power zener diodes and will protect expensive 
mobile transceivers, radios and tape decks from over-voltage 
conditions. 


@ High Power Capability 
@ Economical 
@ Increased Capacity by Parallel Operation 


MAXIMUM RATINGS 


Symbol Limit 


DC Peak Repetitive Reverse Voltage VRRM 
Working Peak Reverse Voltage VRwM 23 
DC Blocking Voltage VR 


Repetitive Peak Reverse Surge Current Amp 
MR2520L - 
MR2525L_ SC 
MR2530L 
(Time Constant = 10 ms, 
Duty Cycle < 1.0%, Tc = 25°C) 


Operating and Storage Junction 
Temperature Range 


ELECTRICAL CHARACTERISTICS 


(VR = 20 Vdc, Tc = 25°C) 
(VR = 20 Vdc, Tc = 100°C) 
V(BR) 
Breakdown Voltage (1) MR2525L ViBR) 
only (Ip = 40 Amp, Tc = 85°C) 
Lead 
Characteristic Length Symbol 
Thermal Resistance, Junction . R@JL 

(1) Pulse Test: Pulse Width < 10 ms, Duty Cycle < 2.0%. 

MECHANICAL CHARACTERISTICS: 

CASE: Transfer Molded Plastic 


Breakdown Voltage 
(1) Pulse Test: Pulse Width < 10 ms, Duty Cycle < 2.0%. 
to Lead @ Both Leads to Heat Sink, 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C 3/8” 


Reverse Current me 
(IR = 100 mAdc, Tc = 25°C) 
THERMAL CHARACTERISTICS 
Equal Length 
from case for 10 seconds at 5 Ibs. tension 


FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Indicated by diode symbol or cathode band 
WEIGHT: 2.5 Grams (approx.) 
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MR2520L 
MR2525L 


OVERVOLTAGE 
TRANSIENT SUPPRESSORS 


2.5K-10K WATTS 


[MILLIMETERS] INCHES | 
MIN [MAX [WIN | MAX | 
[A io03 1028 | 0386] 040g | 


Popa toe 
[| _K | 25.15 | 26.65 | 0.990{ 1.010 | 


CASE 194-01 
MR2525L 


ou ELLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX | 
| A} 843] 868 | 0.332 [0.342 | 
| 5.94 | 6.25 [0.234 10.246 _| 
| OT 1.27] 1.35 | 0.050 [0.053 _| 
| K | 25.15 { 25.65 | 0.990] 1.010 | 


CASE 194-05 
(MR2520L) 


MR2520L, MR2525L 


Prsm, PEAK REVERSE POWER (WATTS) 


Wrsm. PEAK REVERSE ENERGY (JOULES) 


d 
4 
; 
i 
i 


IRsm. PEAK REVERSE CURRENT (AMPS) 


REVERSE SURGE DESIGN LIMITS 


FIGURE 1 — PEAK CURRENT 
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FIGURE 2 — PEAK POWER 
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FIGURE 3 — ENERGY 
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NOTE 1 — TRANSIENTS IN THE 
AUTOMOTIVE ELECTRICAL SYSTEM 


The introduction of electronics into the automobile has 
brought with it the interesting sidelight of characterizing 
the automotive electrical system for transients. 

Since most electro-mechanical systems exhibit a wear- 
out phenomenon as electrical stresses are increased, 
there has been no need to separately define transients 
from the normal load conditions. Any transient condition 
was simply accounted for by increasing contact ratings, 
etc. The introduction of semiconductors changes the pic- 
ture since they exhibit a different sensitivity to transients. 
Semiconductors tend to have a black and white failure | 
characteristic when exposed to transients in that no dam- 
age is caused below a certain level and total failure results 
above a certain level. Unfortunately these two levels are 
separate and the problem is further complicated by the 
fact that the energy tolerance of semiconductors is nor- 
mally subject to a production distribution. This leaves 
solid state systems open to problems which are discovered 
only after many units are in the field. 


SUMMARY OF TRANSIENTS 


Transients in the automotive electrical system have 
widely varying energy levels occurring over widely varing 
times, but most become insignificant compared to the 
worst transient known as “‘Load Dump”. Load dump 
happens when the battery becomes disconnected while 
the alternator is supplying charging current, or the dis- 
connection of some other load with no battery present. 
Load dump transients generally are of 200 to 500 milli- 
seconds duration, having an exponential decay from a 
worst case peak voltage of 80-120 volts. A clamped load 
dump, it should be noted, will be of considerably shorter 
duration. 

Although the possibility of the battery becoming dis- 
connected while the engine isrunning may seem remote, 
it is not reasonable this occurrence should result in the 
total failure of the electrical system of a Car. 

The following table lists some of the transients the auto- 
motive electronic designer must consider and should 
cause him to provide some level of protection. 


Power Source 


Battery Line 


ignition Line and 
Accessory Line 


Available Tra nsients 


. +200 Volts for microseconds 
. tLoad Dump 


. -300 Volts for milliseconds 
. £200 Voits for microseconds 


WHA NHN 


. tLoad Dump 


Note: All transients are 
exponential decay. 

The voltages and times shown are reasonable values 
from many on-car measurements. Since the nonload- 
dump transients are of low energy, but high voitage, it is 
recommended they be clamped rather than blocked. It is 
imperative that source impedances also be known to allow 
proper selection of clamp devices. 
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STOPPING THE TRANSIENTS AT THE SOURCE 


Figure 4 shows the most straight forward method of 
preventing large negative transients from disrupting the 
accessory and ignition busses. At the instant the switch is 
opened, the current flowing in the inductance will transfer 
to the diode producing about 1 volt negative on that par- 
ticular buss. This condition will remain until the current 
in the inductance decays at a rate determined by the L/R 
time constant for the circuit. It can be shown that the 
peak currents and transient durations available in the car 
can easily be absorbed by a 1N4003 diode. 


FIGURE 4 
Accessory Vout 
Switch 
H12V A 
Battery 


Diode 
Suppressor 


Figure 5 shows the most straight forward scheme for 
protecting against the series L-C type of transient. The 
forward biased diode action to protect the negative tran- 
sient is similar to the action described for Figure 4. An 
avalanche device is required to clip off the positive portion. 

Just applying these two techniques and calling the 
result a master suppressor, overlooks the result of mutual 
coupling. Because of this effect, it becomes apparent that 


FIGURE 5 


ot 


protecting against positive inductive transients at one spot 
is useless. Using the technique shown in Figure 5 to 
protect the various lines, would not be money well spent, 
since the same level of protection would still be required 
at each module anyway, due to mutual coupling. The best 
central suppressor for negative transients, then, is shown 
in Figure 6. 


FIGURE 6 
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To complete the job, protection is needed against load 
dump. The easiest method is to simply clamp the output 
of the alternator with an avalanche device, as shown in 
Figure 7. The completed suppressor would then appear as 
in Figure 8. It could easily be more cost effective to 
incorporate the load dump suppressor into the alternator 
itself. The end effect would be identical to Figure 7, 


FIGURE 7 
Vout 
(Battery 
Wire) 
MR2525R 
Suppressor 
i Regulator = 7 
Alternator Battery 


Vout 


however, the implementation would require placing 3 
avalanche devices in place of the present 3 diodes in the 
ground side of the diode bridge in the alternator. 


FIGURE 8 


REVERSE BATTERY 


Installing a battery with the terminals reversed today 
causes total failure of the charging system. Usually a fuse 
link fails, however, some cars suffer alternator failure. 
This condition is caused by a large current in-rush through 
the diode bridge which is forward biased during reverse 
battery condition. The master suppressor proposed in 
Figure 8 will suffer the same fate. While a suppressor can 
easily be devised, which will not drain current during 
-12 Vcondition, it is apparent that this defeats the purpose 
of the suppressor. In order to make this concept feasible, a 
circuit breaker must be inserted in series with the main 
battery lead. 


PARALLEL OPERATION 


Higher surge current capabilities can be obtained by 
paralleling the basic suppressor cells. Contact Motorola 
Semiconductor Products Division through the nearest 
sales office or authorized distributor for more information 
on number of cells required and package configurations 
available. 


MR2520L, MR2525L 


FIGURE 9 — STEADY STATE THERMAL RESISTANCE 
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FIGURE 10 — TYPICAL TRANSIENT THERMAL RESPONSE 


RoJL(t), JUNCTION-TO-LEAD TRANSIENT 
THERMAL RESISTANCE (°C/W) 
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Both leads to heat sink, with lengths as shown. Variations in 
RaJL(t) below 2.0 seconds are independent of lead connec- 
tions of 1/8 inch or greater, and vary only about +20% from 
the values shown. Values for times greater than 2.0 seconds 
may be obtained by drawing a curve, with the end point(at 70 
seconds) taken from Figure 4, or calculated from the notes, 
using the given curves as a guide. Either typical or maximum 
values may be used. For Rg ji(t) values at pulse widths less 
than 0.1 second, the above curve can be extrapolated down 
to 10 us at a continuing slope. 


or a 
a 


aN 


20 30 50 


t, TIME (SECONDS) 


THERMAL CIRCUIT MODEL 
(For Heat Conduction Through The Leads) 


0.2 0.3 05 Oo” 1.0 
| Rasa | Reta TReJAl Resk 1 Retk | Resk 
= Taa 1 Pr TAK = 
TLA Toca Ty TckK TLK 


Use of the above model permits junction to lead thermal 
resistance for any mounting configuration to be found. 
Lowest values occur when one side of the rectifier is 
brought as close as possible to the heat sink as shown 
below. Terms in the model signify: 


Ta = Ambient Temperature R@S = Thermal Resistance, 
Heat Sink to Ambient 

RaL = Thermal Resistance, 
Lead to Heat Sink 

Raj = Thermal Resistance, 
Junction to Case 

Ty =Junction Temperature Pr = Power Dissipation 

(Subscripts A and K refer to anode and cathode sides 

respectively.) 


TL = Lead Temperature 


Tc = Case Temperature 
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Values for thermal resistance components are: 
Rat = 40°C/W/IN. Typically and 44°C/W/IN Maximum 


Roy = 2°C/W Typically and 4°C/W Maximum 


Since Rg jis so low, measurements of the case tempera- 
ture, Tc will be approximately equal to junction tempera- 
ture in practical lead mounted applications. When used as 


a 60 Hz rectifier, the slow thermal response holds T ypK) 


close to Ty(AVG). Therefore maximum lead temperature 
may be found from: TL = 175°C-Rgyt PF. 

The recommended method of mounting to a P.C. board 
is shown on the sketch, where Rg@JjA is approximately 
25°C/W fora 1-1/2” 1-1/2” copper surface area. Values 
of 40°C/W are typical for mounting to terminal strips or 
P.C. boards when available surface area is small. 


Recommended mounting for half wave circuit 


MR2520L, MR2525L 


NOTE 2 — METHOD FOR CALCULATING ENERGY DISSIPATED IN A SURGE 
SUPPRESSOR DURING CAPACITIVE DISCHARGE TESTS 


One of the major parameters of interest in the rating of 
a diode surge suppressor is the energy dissipated in the 
device during an exponentially decaying transient pulse. 
Surge suppressor diodes are usually characterized using 
a capacitive discharge test, as shownin Figures 11 and 12. 
Calculation of the energy, peak power and the R-C time 
constant of the capacitive discharge power pulse is 
described in the material that follows and correlates with 
both of the circuits. 


EMPIRICAL PARAMETER DETERMINATION 


Figure 13 shows the instantaneous current and volt- 
age applied to the DUT as obtained with a dual trace 
memory oscilloscope during pulse testing using the 
circuit of Figure 11. Points on the instantaneous power 
curve can be found by multiplying the instantaneous 
current by the instantaneous voltage at various points in 
time. 


From equation (1): p(t) = Pm e-t/T (4) 


FIGURE 11 — AUTOMOTIVE LOAD DUMP TEST CIRCUIT 
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FIGURE 12 — CAPACITIVE DISCHARGE TEST CIRCUIT 


100.) 2N6399 


50-85 Vdc 


THEORETICAL ENERGY CALCULATION 

Assuming that the instantaneous power dissipated in 
the DUT (Diode Under Test) can be represented as an 
exponential decay represented by 


p(t) = Pm e-t/T (1) 


where Pm is the peak power at t=O and7T is the R-C time 
constant of the test circuit, then the energy dissipated in 
the DUT can be calculated as: 


90 
wa Pm e-t/T dt (2) 
ce) 


oWe=r Pm (3) 


Empirical determination of Pm andt willallowcalculation 
of the energy in the pulse using expression (3) above. 
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FIGURE 13 — REPRESENTATION OF CURRENT AND 
VOLTAGE APPLIED TO TEST DIODE 


i, INSTANTANEOUS CURRENT (AMPS) 
v, INSTANTANEOUS VOLTAGE (VOLTS) 


t, TIME (ms) 


-MR2520L, MR2525L 


thus, inp(t) = In Pm -—— (5) 


Calculation of p(t) and Inp(t) using data points off Figure 3 


tabulates as follows: 


t v(t) i(t) p(t) 

(ms) (Volts) (Amps) (Watts) Inp(t) 
0.5 36.0 80.0 - 2880 7.965 
1.5 37.5 54.0 2025 7.613 
2.5 37.0 . 50.0 1850 7.523 
3.5 36.5 42.0 - 1533 7.335 
4.5 36.0 38.0 1368 7.221 
95 | 34.5 22.0 759 6.632 

19.5 32.0 8.0 256 . 5.545 


29.5 30.0 2.0 60 4.094 


Expression (5) is the equation form for a straight line 
y=mxtb (6) 
Where m is the slope and b is the intercept 


-1. ; 
For expression 1h - is the slope and InPm is the intercept 


1 
hus: 72 —— (7) 
m 


Pm = In-1(b) (8) 


Accurately fitting a straight line to the Inp(t) vs. t data 
points allows determination of Pm and 7 for use in equa- 
tion (3). 


REGRESSION APPROACH 


The method of least squares can be used to determine 
the slope and intercept of the line which best fits the data 
points Inp(t) vs. t calculated above. Least squares 
regression routines are available on most time sharing 
computer systems as well as on many scientific calcu- 
lators. 


A least Squares regression for the above data points . 


shows the intercept and slope to be 7.8588 and -0.12429 
respectively, and from (6) and (7). 


Pm = In-1(b) = In-1(7.8588) = 2588.4 Watts 
Pi oo 2 Sees 
m -0.12499 
Finally, the energy dissipated in the DUT is: 
W =7Pm = 20.825 Joules 


The multiple correlation coefficient of the regression for 
this example was 0.994 indicating a 99.4% accuracy of 
the fit to the theoretical equation (1). In general, accu- 
racies above 97% can be obtained. 


T= = 8.046 ms 
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SUMMARY: 


The energy dissipated in a diode in a capacitive dis- 
charge test can be calculated from data obtained from a 
dual trace memory oscilloscope using the following pro- 
cedure: 


1. Record the current and voltage pulses simultane- 
ously on a dual trace memory oscilloscope using 
appropriate scales to utilize the entire scope to 
display the decay. 


2. Pick off approximately five voltage and current data 
points across the decay (do not use t = O as a data 
point since the voltage across the DUT is initially 
very low, the current is at its peak and the energy 
dissipated is negligible). 

3. Multiply these instantaneous current and voltage 
values and take the natural logrithm of the product. 


4. Perform a least squares regression of Inp(t) vs. t to 
determine the slope and intercept of the ‘‘best fit- 
ting’’ straight line. The R2 (correlation coefficient) 
should be above 90% for good accuracy. 


5. Calculate 7 and Pm using equations (7) and (8). 
6. Calculate the energy using equation (3). 


COMMENTS: 


Using this method, the time constant derived will be 
slightly larger than the R-C product of the capacitor and 
resistor used in the circuit. This occurs due to the series 
resistance of the DUT and the Thyristor in the firing circuit. 
The peak energy calculated from this method will be less 
than what is indicated by the current and voltage traces at 
t = O. This difference is of little consequence, however, 
because of the short duration during which it exists. In 
the example used, the current and voltage att=Oare 100A 
and 30 Volts. These conditions exist for 0.5 ms or less 
and thus the energy dissipated is less than 1.5 Joules or 
7%. of the calculated energy. This 7% difference is a 
typical value. 

Perhaps more accuracy could be obtained by adding 
7% to the calculated energy, however, without the 7% 
“‘adder’’ this method can be used as a comparison of 
different transient suppressors. 


M5005 MR5010 
(AA) MOTOROLA MIR5020 MR5030 
- MR5040 


INDUSTRIAL PRESSFIT 


SILICON POWER RECTIFIERS SILICON 


POWER RECTIFIERS 


50-400 VOLTS 
50 AMPERE 


. designed for use in all medium-current applications or for higher 
current industrial alternators and chassis mounted power supply 
rectifiers. 


50 Amp @ Tc = 150°C 
600 Amp Surge Capability 
Reverse Polarity Available 


Rugged Construction 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRRM 50 Volts 
Working Peak Reverse Voltage VRWM 
DC Blocking Voltage , 


Non-Repetitive Peak Reverse Voltage eee 


Average Rectified Forward Current 
(Single phase, resistive load, 
Tc = 150°C 
Non-Repetitive Peak Surge Current 
(Surge applied at rated load 
conditions) 


THERMAL CHARACTERISTICS 


Character istic i a= J K 
Thermal Resistance, Junction to Case E 
ELECTRICAL CHARACTERISTICS 


Character istic i race | 


Instantaneous Forward Voltage H c 
(if = 157 Amp, Ty = 25°C) | 
(ig = 50 Amp, Ty = 25°C) SEATING 

PLANE B 


Reverse Current (rated dc voltage) 
(Tc = 25°C) 
(Tc = 150°C) 


NOTES: 
1. 50 TPI STRAIGHT KNURL. 
2. POLARITY, INK MARKED ON 
PACKAGE 


MECHANICAL CHARACTERISTICS 


CASE: Welded hermetically sealed construction 


om Hare MILLIMETERS Sea 


ear are ETCH 
Pe fies fas Faso {os0s 


FINISH: All external surfaces corrosion resistant, terminals readily solerable 
WEIGHT: 9 grams (approx.) 


POLARITY: Cathode connected to case (reverse polarity available denoted 
by Suffix R, i.e.: MR5030R) 


MOUNTING POSITION: Any 


CASE 43-04 
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MR5005, MR5010, MR5020, MR5030, MR5040 


FIGURE 1 — CURRENT DERATING FIGURE 2 — FORWARD POWER DISSIPATION 


(PK) = 2 (1@ RESISTIVE LOAD) 
NAV) 3.62 (3 6 RESISTIVE LOAD) 


IF(AV), AVERAGE FORWARD CURRENT (AMP) 
PF(av), AVERAGE FORWARD POWER (WATTS) 


Tc, CASE TEMPERATURE (°C) 1F(AV), AVERAGE FORWARD CURRENT (AMP) 


FIGURE 3 — MAXIMUM FORWARD VOLTAGE FIGURE 4 — MAXIMUM NON-REPETITIVE SURGE CAPABILITY 
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me 0.3 i a 3. The depth and width of the break should be 0.010 inch — 
} = s |] ee ll Z6J5C(t) = Rese =r(t) maximum to retain maximum heat sink surface contact. 
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MR5059 
(AA) MOTOROLA MR5060 
MR5061 


AVALANCHE RECTIFIERS 


LEAD-MOUNTED 
AVALANCHE RECTIFIERS 


. Subminiature size, axial lead-mounted rectifiers for general- 
purpose, low-power applications requiring avalanche protection. 


@ Avalanche power capability 
= 1000 Watts at 20 us Cross Reference Guide 
— 450 Watts at 100 us JEDEC 
@ Low Forward Voltage MR5059 1N5059 alee a! 


@ Low Cost MR5060 1N5060 1N5060GP 


MR5061 1N5061 1N5061GP 
MAXIMUM RATINGS 3 
Rating Symbol | MR5059| MR5060/|MR5061} Unit 

Peak Repetitive Reverse Voltage VRRM 200 400 600 | Volts | 

Working Peak Reverse Voltage VRWM 

DC Blocking Voltage VR 
Nonrepetitive Peak Reverse Voltage VRSM 300 525 800 Volts 

(Halfwave, Single Phase, 60 Hz) 


RMS Reverse Voltage VR(RMS) 


200-400-600 VOLTS 
1.5 AMPS 


Average Rectified Forward Current 
(Single Phase, Resistive Load, 
60 Hz, Ty = 70°C, 

1/2” From Body) 


Nonrepetitive Peak Surge Current 
(Surge Applied at Rated Load 
Conditions) 


50 (for 1 cycle) Amp 


© 
-65 to +175 °C = -s 


1000 Watts - 


Junction & Storage 
Temperature Range 


Nonrepetitive Peak 
Reverse Surge Power 


(t= 20 us) a 
b K D 
ELECTRICAL CHARACTERISTICS | 
Characteristic and Conditions 


Instantaneous Forward Voltage f 
(i¢ = 1.5 Amp, Ty = 25°C) CATHODE 


BAND 
Reverse Current Ty = 150°C K 
(Rated dc Voltage) Ty = 25°C 
THERMAL CHARACTERISTICS 
ee Se 
Thermal Resistance, Junction to Lead 
1/4” 
Vee |_| MILLIMETERS! | INCHES | 
DIM] MIN | MAX | MIN | MAX. | 


Waar i | 0.110 | 0.120 | 
MECHANICAL CHARACTERISTICS -p 10.761 0.86 | 0.030 | 0.034 | 
LK 27.94; - {1.100 = 


CASE: Void free, transfer molded plastic 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 
240°C, 1/8” from case for 10 seconds at 5 Ibs. tension. 

FINISH: All external surfaces are corrosion-resistant, leads are readily 
solderable ; ; ae . 

POLARITY: Cathode indicated by color band Dimensions Within JEDEC DO-15 Outline. 

WEIGHT: 0.40 grams (approximately) 


CASE 59-04 
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MR5059 thru MR5061 


FIGURE 2 — MAXIMUM NON-REPETITIVE 
AVALANCHE SURGE POWER 


FIGURE 1 — FORWARD VOLTAGE 
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-RESISTIVE/INDUCTIVE 
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NOTE 1 


FIGURE 5 — PRINTED CIRCUIT BOARD 
MOUNTING, VARIOUS LOADS Data shown for thermal resistance junction-to-ambient (6A) for the 


mountings shown is to be used as typical guideline values for preliminary 
engineering or in case the tie point temperature cannot be measured. 
TYPICAL VALUES FOR 6), IN STILL AIR 
LEAD LENGTH, L (IN) 
MOUNTING 
METHOD 


MOUNTING METHOD 3 


P.C. Board with 
11/2" x 1-1/2” copper surface 


3/8" 


MOUNTING METHOD 2 
ms! | 
BAALLZZZAS 
Vector pin mounting 7 


SU 
Rasa = SC SERnEEn~ Ne 
ma, 


30 50 70 90 110 130 150 170 
T, LEAD TEMPERATURE (°C) 


If(Av). AVERAGE FORWARD CURRENT (AMPS) 


Board Ground 


Plane 
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(AA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


. designed for use in switching power supplies, inverters, and as 
free wheeling diodes, these devices have the following features: 


@ 35 ns Recovery Time 
@ Low Forward Voltage 
@ Low Leakage Current 


@ DO-41 Package 


MAXIMUM RATINGS 
Rating 


MUR105 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
(Rated Vp) 

TL = 135°C, L= 3/8” 

Ta = 65°C, L= 3/8”, (Mt. Method #1) 


Peak Repetitive Forward Current 
TL = 135°C, L= 3/8” 
(Rated Vp, Square Wave, 20 kHz) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


Operating Junction and Storage 
Temperature 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Lead = 3/8” 


ELECTRICAL CHARACTERISTICS 


Characteristic 


instantaneous Forward Voltage (1) 
(ig = 3.14 A, Ty = 150°C) 
(ip = 1.0 A, Ty = 25°C). 

Reverse Current 
(Rated dc Voltage, T = 150°C) 
(Rated dc Voltage, Ty = 25°C) 


Reverse Recovery Time 
(lp = 1.0 A, di/dt = 50 A/us, IREC = 0.1 A) 
(ip = 0.5 A, IR = 1.0 A, IREc = 0.25 A) 


Forward Recovery Voltage 
(Ip = 1.0 A, di/dt = 100 A/ys, Recovery to 1.0 V) 


Forward Recovery Time 
(Ip = 1.0 A, di/dt = 100 A/yus, Recovery to 1.0 V) 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0% 
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MUR105 
MUR110 
MUR115 


ULTRAFAST 
RECTIFIERS 


1 AMPERE 
50-150 VOLTS 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC DO-41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN “F’ DIMENSION. 


MILLIMETERS] INCHES | 
[MIN | MAX | MIN | MAX | 
AL S07 | 820 | 0.180) 0.208 | 
8 | 2.04 
ot o7t | 0.86 | 0.028 [0.034] 
(0.050 | 


LF | 
| K [27.94 | - | 1.100) = 


CASE 59-03 
DO-41 


MECHANICAL CHARACTERISTICS 


CASE: Transfer molded plastic 


FINISH: External leads are plated and are readily 
solderable 


POLARITY: Cathod indicated by polarity band. 


WEIGHT: 0.4 Gram (approximately). 


MAXIMUM LEAD TEMPERATURE FOR SOLDER- 
ING PURPOSES: 240°C, 1/8” from case for 10 
seconds at 5.0 Ibs. tension. 


MUR105, MUR110, MUR115 


FIGURE 2 — CURRENT DERATING, PRINTED 


CIRCUIT BOARD MOUNTING 


FIGURE 1 — MAXIMUM FORWARD VOLTAGE 


BRRRRRREEE 
As 
at HA 


RATED Vp, Raja 
~~ Z i = mr (Resistive Load) 
SK 
Sac 
ne GN 
Le 


85°C/W 


= 5, 10, 20 


lbk 
IAV 


(Capacitive Load) 


METAL 
i 
IN AEE MITE EE 
ENE i 
INNS ET UT 
INT 
FLEE USS 
NI Waa SoH 
HE INI 
ULL 
Bins t 


0.6 | 
VE. crural aan aie: vars 


eo COCO0D OC HhMN -— HON = 
~- WOMN K—§ ODoOG o CPP ?e 
ooao 2 


(SdWV) LNINHND GHVMYO4 SNOINVINVISNI ‘3! 


Ta, AMBIENT airlit ee 


FIGURE 4 — CURRENT DERATING versus 


FIGURE 3 — TYPICAL CAPACITANCE 
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FIGURE 5 — FORWARD POWER DISSIPATION 
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TYPICAL VALUES FOR 6y,q IN STILL AIR 


‘MOUNTING METHOD 3 


MOUNTING METHOD 1 


P. C. Board with 
1-1/2” x 1-1/2” copper surface 


ie 


MOUNTING METHOD 2 
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1 


1.0 


L 
Zz 


, 


| 
L+4}-—+] 
LLLLLLLSAs 


tJ 


Board Ground 


Vector pin mounting 


Plane 
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(AA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


... designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 


® Ultrafast 35 Nanosecond Recovery Time 
@ 175°C Operating Junction Temperature 
@ Fast Turn-On 

@ Low Forward Overshoot Voltage 


CROSS-REFERENCE GUIDE 


[moronoLa[AMPEREX | G__| _UNITRODE | VARO_| 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage MUR405 
Working Peak Reverse Voltage MUR410 
DC Blocking Voltage MUR415 


Average Rectified Forward Current, 
Ta = 80°C, L = 3/8”, Mounting Method 3 
per Note 1 
TL = 80°C, L = 3/8” 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


THERMAL CHARACTERISTICS 


Maximum Thermal Resistance, Junction to Lead Regt | 20, = 3/8” 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Voltage (1) 
(ip = 6.0 Amp, Ty = 25°C) 
(ig = 6.0 Amp, Ty = 100°C) 
Maximum Instantaneous Reverse Current (1) 
(Rated dc Voltage, Ty = 25°C) 
(Rated de Voltage. Ty = 100°C) 


Maximum Reverse Recovery Time 
(Ip = 1.0 Amp, di/dt = 50 Amp/ps) 
(ip = 0.5 A, IR = 1.0A, IReC = 0.25 A) 


Forward Recovery Voltage Ver Volts 
(IF = 1.0 A, di/dt = 100 A/us, Recovery to 1.0 V) 

Forward Recovery Time ttr 
(IF = 1.0 A, di/dt = 100 A/us, Recovery to 1.0 V) 25 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 


i 


3-273 


MUR405 
MUR410 
MUR415 


ULTRAFAST 
RECTIFIERS 


6.0 AMPERES 
50-150 VOLTS 


Min [MAX [MNT MAK 
|_| e4o | 965 | 03701 o2a0 | 
a ags f 5.33 [o.190] 0107 
oz 32 | o.0es | 0.052 
Kk tae.97 1a7.23 T0621 1.072 


CASE 267-01 


MECHANICAL CHARACTERISTICS 


Case: Transfer Molded Plastic 
Finish: External Leads are Plated, Leads are 
readily Solderable 


Polarity: Indicated by Cathode Band 
Weight: 1.1 Grams (Approximately) 
Maximum Lead Temperature for Soldering 
Purposes: 

300°C, 1/8” from case for 10 s 


MUR405, MUR410, MUR415, 


FIGURE 1— MAXIMUM FORWARD VOLTAGE = FIGURE 2 — TYPICAL CAPACITANCE 
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FIGURE 3 — CURRENT DERATING, LEAD FIGURE 4 — CURRENT DERATING AMBIENT 
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120 140 16() 180 "0 i= 120 140 160 180 
Ti, LEAD ae (°C) = AMBIENT TEMPERATURE (°C) 


Ijav). AVERAGE FORWARD CURRENT (AMPS) 
S 
I(avy, AVERAGE FORWARD CURRENT (AMPS) 


FIGURE == POWER DISSIFATION NOTE 1 — AMBIENT MOUNTING DATA 


Data shown for thermal resistance junction-to-ambient (Rg ya) 
for the mountings shown is to be used as typical guideline values 
for preliminary engineering or in case the tie point temperature 
cannot be measured. 


TYPICAL VALUES FOR RajalN STILL AIR 


MOUNTING METHOD 1 


P.C. Board Where Available Copper 
Surface area is small. 


MOUNTING METHOD 3 


me ee a P.C. Board with 


1-1/2" x 1-1/2"" Copper Surface 


Pray). AVERAGE POWER DISSIPATION (WATTS) 


_ 


MOUNTING METHOD 2 
Vector Push-In Terminals T-28 


IF(AV}, AVERAGE FORWARD CURRENT (AMPS) 


Board Ground Plane 
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MURGO5CT 
MURG610CT 
MURG615CT 
MUR620CT 


(AA) MOTOROLA 


ULTRAFAST 
RECTIFIERS 


SWITCHMODE POWER RECTIFIERS 6 AMPERES 
50-200 VOLTS 
. designed for use in switching power supplies, inverters and 


as free wheeling diodes, these state-of-the-art devices have the 
following features: 


@ Ultrafast 35 Nanosecond Recovery Time 
@ 175°C Operating Junction Temperature 


@ Popular TO-220 Package XK) 
@ 


CASE 221A-02 
TO-220AB 


MAXIMUM RATINGS 


Symbol | MUR6OSCT | MURG610CT | MURG15CT | MUR620CT 
Peak Repetitive Reverse Voitage VRRM 
Working Peak Reverse Voltage ee Volts 
DC Blocking Voltage. 
Average Rectified Forward Current Per Diode =r pene 
(Rated Vp) Tc = 130°C Total Device we 6.0 
Peak Repetitive Forward Current Per Diode Leg lFRM 
(Rated Vp, Square Wave, 20 kHz) Tc = 130°C 
Nonrepetitive Peak Surge Current lFSM Knol 
(Surge applied at rated load conditions halfwave, i 
single phase, 60 Hz) 
Operating Junction Temperature and Ty, Tstg R646. Ae ones 
Storage Temperature 
THERMAL CHARACTERISTICS PER DIODE LEG 
Thermal Resistance, Junction to Case 


Instantaneous Forward Voltage (1) 
(if = 3.0 Amp, Tc = 150°C) 


cam 


(ip = 3.0 Amp, Tc = 25°C) 


Instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 150°C) 
(Rated dc Voltage, Tc = 25°C) 


Reverse Recovery Time 
(le = 1.0 Amp, di/dt = 50 Amp/ys) 


(1) Pulse Test: Pulse Width = 300 ws, Duty Cycle < 2.0%. 
Switchmode is a trademark of Motorola Inc. 


3-275 


‘MURGOS5CT, MURG10CT, MUR615CT, MUR620 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 4 — TOTAL DEVICE CURRENT DERATING, AMBIENT 


, CASE 


FIGURE 3 — TOTAL DEVICE CURRENT DERATING 
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a typical TO-220 heat sink 
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FIGURE 5 — POWER DISSIPATION 


120 
0.055 


0 | 0. 


2.0¢ | 2.79 | 0.080 | 0.110 
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CASE 221A-02 
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5.47 | 15.75 | 0.5! 


ILUIMETERS 


ae 


5.97 | 6.48 


12.70 
4.83 
254 | 30 


He 


MENSION Z DEFINES A ZONE WHERE ALL 
BODY AND LEAD IRREGULARITIES ARE 


. DIMENSION H APPLIES TO ALL LEADS. 
. DIMENSION L APPLIES TO LEADS 1 AND 3 ONLY. 
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MUR805 MUR830 
MURS810 MUR840 
MUR815 MUR850 
MUR820 MUR860 


(AA) MOTOROLA 


baer ee oacceeeanna 


ULTRAFAST 
RECTIFIERS 


8 AMPERES 
50-600 VOLTS 


SWITCHMODE POWER RECTIFIERS 


. designed for use in switching power supplies, inverters and 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 


@ Ultrafast 35 and 60 Nanosecond Recovery Times 


e 175°C Operating Junction Temperature 
@ Popular TO-220 Package 
@ Epoxy meets UL94, Vo @ %” 


CASE 221B-02 
TO-220AC 


MAXIMUM RATINGS 


tf ee oon [ee 00 | ee 860 
Peak Repetitive Reverse Voltage ~~ oe 
ae 


_ Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current co aa 
Total Device, (Rated Vp), Tc = 150°C 
Peak Repetitive Forward Current i 
(Rated Vp, Square Wave, 20 kHz), Tc = 150°C 
Nonrepetitive Peak Surge Current lFSM 100 Amps 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 
Operating Junction Temperature and © Ty, Tstg -—65 to +175 aC. 
Storage Temperature 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Voltage (1) 
(if =8.0 Amp, Tc = 150°C) 
(ig =8.0 Amp, Tc = 25°C) 


Maximum Instantaneous Reverse Current (1) 


(Rated dc Voltage, Tc = 150°C) 
(Rated de Voltage, Tc = 25°C) 


Maximum Reverse Recovery Time 
(lp=1.0 Amp, di/dt=50 Amp/ys) 
(lpF=0.5 Amp, ig =1.0 Amp, IREC =0.25 Amp) 


(1)Pulse Test: Pulse Width = 300 ys, Duty Cycle <2.0% 
Switchmode is a trademark of Motorola Inc. 
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MUR805 thru MUR860 


MUR805, 810 AND 815 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 


FIGURE 2 — TYPICAL REVERSE CURRENT* 


device in the voltage grouping. Typical reverse current 
these same curves if Vp is sufficiently below rated Vp. 


*The curves shown are typical for the highest voltage 
for lower voltage selections can be estimated from 
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MUR805 thru MUR860 


MUR820, 830 AND 840 


FIGURE 7 — TYPICAL REVERSE CURRENT* 


FIGURE.6 — TYPICAL FORWARD VOLTAGE 


*The curves shown are typical for the highest voltage - 
device in the voltage grouping. Typical reverse current 


for lower voltage selections can be estimated from 
these curves if Vp is sufficiently below rated Vp. 
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MUR805 thru MUR860 


MUR850 AND 860 


FIGURE 11 — TYPICAL FORWARD VOLTAGE 


FIGURE 12 — TYPICAL REVERSE CURRENT* 


NTA 

AIT NICHT 
MCCA 
TCCNCTTE 
CTETCINEIIIT 
STR TACCIATITT 
ECACC 
PALA HAI 


Vp, REVERSE VOLTAGE (VOLTS) 
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FIGURE 14 — CURRENT DERATING, AMBIENT 
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MUR805 thru MUR860 


FIGURE 16 — THERMAL RESPONSE 
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FIGURE 17 — TYPICAL CAPACITANCE 
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FIGURE 18 — OUTLINE DIMENSIONS 


INCHES 


ial MILLIMETERS 
| MIN | 


[MAX | MIN | MAX_| 
[A {15.11 | 15.75 | 0.695 | 0.620 
| B | 9.65 | 10.29 | 0.380 | 0.406 | 


fA ee 
E a | 
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STYLE 1: 
PIN 1. CATHODE 
2. N/A 
3. ANODE 
4. CATHODE 


CASE 2218-01 
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MUR1505 MUR1530 
-MUR1510 MUR1540 
MUR1515 MUR1550 
MUR1520 MUR1560 


MOTOROLA 


ULTRAFAST 


_ RECTIFIERS 
SWITCHMODE POWER RECTIFIERS | 


. » designed for use in switching power supplies, inverters and - 
as free wheeling diodes, these state-of-the-art devices have the 
following features: 


Ultrafast 35 and 60 Nanosecond Recovery Time 
. 175°C Operating Junction Temperature 
Popular TO-220 Package 
High Voltage Capability to 600 Volts 
Low Forward Drop 
Low Leakage Specified @ 150°C Case Temperature 


Current Derating Specified @ Both Case and Ambient 
Temperatures 


15 AMPERES 
50-600 VOLTS 


CASE 221B-01 
TO-220AC 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage rt 
Working Peak Reverse: Voltage ee Volts 
DC Blocking Voltage 


_ | Average Rectified Forward Current (Rated Vp) a0 fees 
@ re a eve @ te = Cae 


Peak Repetitive Forward Current en oe 
(Rated Vp, Square Wave, 20 kHz) — @ ae ieee @ en ee = eo 


Nonrepetitive Peak Surge Current - 
. (Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 
Operating Junction Temperature and Ty. Tstg -65 to +175 
Storage Temperature 
THERMAL CHARACTERISTICS 
Maximum Thermal Resistance, Junction to Case Rec 


ELECTRICAL CHARACTERISTICS | 


Maximum Instantaneous Forward Voltage (1) 
(ig = 15 Amp, Tc = 150°C) 
(if = 15 Amp, Tc = 25°C) 


Maximum Instantaneous Reverse Current (1) 


(Rated de Voltage, Tc = 150°C) 
(Rated dc Voltage, Tc = 25°C) 


Maximum Reverse Recovery Time 
(le = 1.0 Amp, di/dt = 50 Amp/us) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 
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MUR1505 thru MUR1560 


MUR1505, 1510, and 1515 


FIGURE 1 — TYPICAL FORWARD VOLTAGE FIGURE 2 — TYPICAL REVERSE CURRENT* 


Ip, REVERSE CURRENT (2A) 


0 20 40 60 80 100 120 140 160 180 200 
Vp, REVERSE VOLTAGE (VOLTS) 

*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if VR is sufficiently below 
rated VR. 


FIGURE 3 — CURRENT DERATING, CASE 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Irjavy. AVERAGE FORWARD CURRENT (AMPS) 


vg, INSTANTANEOUS VOLTAGE (VOLTS) 160 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4 — CURRENT DERATING, AMBIENT FIGURE 5 — POWER DISSIPATION 


IF(AV)- AVERAGE FORWARD CURRENT (AMPS) 


PE(AV). AVERAGE POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 £10 12 1416 
Ta. AMBIENT TEMPERATURE (°C) IE(Av). AVERAGE FORWARD CURRENT (AMPS) 
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MUR1505 thru MUR1560 


F INSTANTANEOUS FORWARD CURRENT (AMPS) 


Iejav), AVERAGE FORWARD CURRENT (AMPS) 


MUR1520, 1530, 1540 


FIGURE 6 — TYPICAL FORWARD VOLTAGE FIGURE 7 — TYPICAL REVERSE CURRENT* 


Ip, REVERSE CURRENT (A) 


50 200 250 30 3 
Vp, REVERSE VOLTAGE (VOLTS) 

*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if Vr is sufficiently below 
rated Vr. 


FIGURE 8 — CURRENT DERATING, CASE 
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FIGURE 9 — CURRENT DERATING, AMBIENT FIGURE 10 — POWER DISSIPATION 
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MUR1505 thru MUR1560 


MUR1550, 


FIGURE 11 — TYPICAL FORWARD VOLTAGE 
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Ip, REVERSE CURRENT (2A) 


1560 


FIGURE 12 — TYPICAL REVERSE CURRENT* 


Vp, REVERSE VOLTAGE (VOLTS) 


*The curves shown are typical for the highest voltage device in the 
voltage grouping. Typical reverse current for lower voltage selections 
can be estimated from these same curves if Vp is sufficiently below 
rated Vp. 


FIGURE 13 — CURRENT DERATING, CASE 
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MUR1505 thru MUR1560_ 


FIGURE 16 — THERMAL RESPONSE 
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(AA) MOTOROLA 


MUR1605CT 
MUR1610CT 
MUR1615CT 
MUR1620CT 


SWITCHMODE POWER RECTIFIERS 


... designed for use in switching power supplies, inverters and as 
free wheeling diodes, these state-of-the-art devices have the 
following features: 


ULTRAFAST 
RECTIFIERS 


16 AMPERES 
50-200 VOLTS 


y 


CASE 221A-02 
TO-220AB 


@ Ultrafast 35 Nanosecond Recovery Time 


@ 175°C Operating Junction Temperature 
@ Popular TO-220 Package 


CROSS-REFERENCE GUIDE 


MOTOROLA AMPEREX UNITRODE 

MUR1605CT BYV32-50 UES1401 VHE1401 

MUR1610CT BYV32-100 | UES1402 VHE1402 | RUR-D810 
MUR1615CT BYV32-150 UES1403. VHE1403 | RUR-D815 
MUR1620CT BYV32-200 VHE1404 | RUR-D820 


MAXIMUM RATINGS 
Rating 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current Per Diode 
(Rated Vp) Tc = 150°C Total Device 


Peak Repetitive Forward Current Per Diode Leg 
(Rated Vp, Square Wave, 20 kHz) Tc = 150°C 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions halfwave, 
single phase, 60 Hz) 


Operating Junction Temperature and 
Storage Temperature 


THERMAL CHARACTERISTICS PER DIODE LEG 


Maximum Instantaneous Forward Voltage (1) 
(ip = 8.0 Amp, Tc = 150°C) 
(ip = 8.0 Amp, Tc = 25°C) 

Maximum Instantaneous Reverse Current (1) 


(Rated dc Voltage, Tc = 150°C) 
(Rated dc Voltage, Tc = 25°C) 


Maximum Reverse Recovery Time 
(I-F = 1.0 Amp, di/dt = 50 Amp/ys) 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle < 2.0% 
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MUR1605CT, MUR1610CT, MUR161 5CT, MUR1620CT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 2 — TYPICAL REVERSE CURRENT 
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FIGURE 3 — CURRENT DERATING, CASE 
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MUR2505 
MUR2510 
MUR2515 
MUR2520 


(AA) MOTOROLA 


ULTRAFAST 
RECTIFIERS 


SWITCHMODE POWER RECTIFIERS 
25 AMPERES 
... designed for use in switching power supplies, inverters and as 50 to 200 VOLTS 
free wheeling diodes, these state-of-the-art devices have the fol- 


lowing features: 


@ Ultrafast 50 Nanosecond Recovery Time 


@ Low Forward Voltage Drop 
@ Hermetically Sealed Metal DO-203AA (DO-4) Package 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Nonrepetitive Peak Reverse 
Voltage 


Average Forward Current 
Tc = 145°C 


Nonrepetitive Peak Surge 
Forward Current (half cycle, 
60 Hz, Sinusoidal Waveform) 


Operating Junction and Storage -65 to +175 


Temperature ] 
es 


THERMAL CHARACTERISTICS 


Rating All Devices | Unit | 
Thermal Resistance, Junction to Case Rec 


ELECTRICAL CHARACTERISTICS 


Maximum Instantaneous Forward Voltage Drop 
(ip = 25 Amp, Ty = 25°C) 
(if = 25 Amp, Ty = 125°C) 
(if = 50 Amp, Ty = 125°C) 


CASE 245-01 
DO-203AA 


Maximum Reverse Current @ DC Voltage (DO-4) 


(Ty = 25°C) 
(Ty = 125°C) 
Maximum Reverse Recovery Time 


(Ip = 1.0 Amp, di/dt = 50 Amp/us, Vp = 30 V, 
Ty = 25°C) 


MECHANICAL CHARACTERISTICS 


Case: Welded, hermetically sealed 


Finish: All external surface corrosion resistant 
and terminal leads are readily solderable 


Polarity: Cathode to Case 


Mounting Positions: Any 
Stud Torque: 15 in/tb. Max 


- Switchmode is a trademark of Motorola Inc. 
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(MUR2505, MUR2510, MUR2515, MUR2520 


FIGURE 2 — TYPICAL REVERSE CURRENT™* 


_ FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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MUR2505, MUR2510, MUR2515, MUR2520 


FIGURE 6 — THERMAL RESPONSE 
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MUR3005PT 
MUR3010PT 
MUR3015PT 


MUR3020PT 


SWITCHMODE POWER RECTIFIERS 


... designed for use in switching power supplies, inverters and as 
free wheeling diodes, these state-of-the-art devices have the 
following features: 


@ Ultrafast 35 Nanosecond Recovery Time 
@ 175°C Operating Junction Temperature 
-@ Popular TO-218 Package 


MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage MUR3OOSPT | Varm 50 Volts 
Working Peak Reverse Voltage MUR3010PT | Vawm 100 
DC Blocking Voltage MUR3015PT VR 150 
MUR3020PT 
Average Rectified Forward Current Per Device IF(AV) 


Tc = 150°C (Rated Vp) - Per Leg 


Peak Repetitive Forward Current, PerLeg 
(Rated Vp, Square Wave, 20 kHz) Tc = 150°C 


Nonrepetitive Peak Surge Current 


(Surge applied at rated load conditions 


halfwave, single phase, 60 Hz) bel 
Operating Junction Temperature and Ty. Tstg |-65 to+175 |. °C 
Storage Temperature 


THERMAL CHARACTERISTICS 


200 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient RaJA | 40 ecvw 


ELECTRICAL CHARACTERISTICS 


Instantaneous Forward Voltage (1) 
(ip = 15 Amp, Tc = 150°C) 
(ip = 15 Amp, Tc = 25°C) 
Instantaneous Reverse Current (1) 


(Rated dc Voltage, Tc = 150°C) 
(Rated de Voltage, Tc = 25°C) 


Reverse Recovery Time ay, 
(ip = 1.0 Amp, di/dt = 50 Amp/ys 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 
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MOTOROLA 


ULTRAFAST 
RECTIFIERS 


30 AMPERES 
50 to 200 VOLTS 


CASE 340-01 
TO-218AC 


ace 


1. ANODE 1 
2. CATHODE(S) 
3. ANODE 2 
4. CATHODE(S) 


MILLIMETERS| INCHES | 
| MIN | MAX_| 

0.800 | 0.830 
1549 | 0.610 | 0.626 | 
| 0.065 | 
| 0.225 | 
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CASE 340-01 
TO-218AC 


MUR3005PT, MUR3010PT, MUR3015PT, MUR3020PT 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 3 — CURRENT DERATING, CASE (PER LEG) 
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FIGURE 6 — TYPICAL CAPACITANCE 


FIGURE 5 — POWER DISSIPATION (PER LEG) 
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MUR5005 
MURS010 
MURS015 
MUR5020 


re 


SWITCHMODE POWER RECTIFIERS 


... designed for use in switching power supplies, inverters and as 
free wheeling diodes, these state-of-the-art devices have the fol- 
lowing features:. 


@ Ultrafast 50 Nanosecond Recovery Time 
@ Low Forward Voltage Drop 
@ Hermetically Sealed Metal DO-203AB (DO-5) Package 


| MAXIMUM RATINGS | 
| ring | Sab Ss sone sows [ Bone 


rao [ama] woe [oana] 
Peak Repetitive Reverse Voltage VRRM 
od al cd ad Be 


Working Peak Reverse Voltage 

DC Blocking Voltage 
Nonrepetitive Peak Reverse | VRSmM 
Voltage 


Average Forward Current IF(AV) Amps 
Tc = 125°C 


Nonrepetitive Peak Surge 
Forward Current (half cycle, 
60 Hz, Sinusoidal Waveform) 


Operating Junction and Storage 
Temperature 


Maximum Instantaneous Forward Voltage Drop 
(if = 50 Amp, Ty = 25°C) 
(if = 50 Amp, Ty = 125°C) 

(ip = 100 Amp, Ty = 125°C) 


Maximum Reverse Current @ DC Voltage 
(Ty = 25°C) 
(Ty = 125°C) 


.~ 
ss] # 


Maximum Reverse Recovery Time 
(lp = 1.0 Amp, di/dt = 50 Amp/us, Vp = 30 V, 
Ty = 25°C) 


Switchmode is a trademark of Motorola Inc. 
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MOTOROLA 


ULTRAFAST 
RECTIFIERS 


50 AMPERES 
50 to 200 VOLTS 


1. DIM “P" IS DIA. 

. CHAMFER OR UNDERCUT ON ONE OR BOTH ENDS 
OF HEXAGONAL BASE IS OPTIONAL. 

. ANGULAR ORIENTATION AND CONTOUR OF 
TERMINAL ONE IS OPTIONAL. 

. THREADS ARE PLATED. 

. DIMENSIONING AND TOLERANCING PER 
ANSI ¥14.5, 1973. 


om IELMETERS INCHES 

| MIN | MAX | MIN | MAX | 

| A | 16.94 | 17.45 |0.669 | 0.687. 
| 16.94 | — | 0: 


CASE 257-01 
DO-203AB 
(DO-5) . 


MECHANICAL CHARACTERISTICS 


_ Case: Welded, hermetically sealed 


Finish: All external surface corrosion resistant 
and terminal leads are readily solderable 


Polarity: Cathode to Case 


Mounting Positions: Any 
Stud Torque: 25 in/Ib. Max 


FIGURE 2 — TYPICAL REVERSE CURRENT* 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 5 — TYPICAL CAPACITANCE 
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ann AVERAGE FORWARD CURRENT (AMPS) 


MUR5005, MUR5010, MUR5015, MUR5020 


FIGURE 6 — THERMAL RESPONSE 
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MUR10005CT 
MUR10010CT 
MUR10015CT 
MUR10020CT 


(AA) MOTOROLA 


Advance Information 


ULTRAFAST 
SWITCHMODE POWER RECTIFIERS 


... designed for use in switching power supplies, inverters, and 
as free wheeling diodes. These state-of-the-art devices have the 
following features: . 


ULTRAFAST 
RECTIFIERS 


100 AMPERES 
50 TO 200 VOLTS . 


@ Dual Diode Construction — May Be Paralleled For Higher 


Current Output 
@ Low Leakage Current 
@ Low Forward Voltage 
@ 175°C Operating Junction Temperature 
@ Labor Saving POWERTAP® Package 


CASE 357B-01 


~ MAXIMUM RATINGS 


POWERTAP® 


Peak Repetitive Reverse 
Voltage 

Working Peak Reverse 
Voltage 

DC Blocking Voltage 


Average Rectified Forward 
Current, (Rated Vp), 
Tc = 140°C 
Per Device 
Per Leg 


Peak Repetitive Forward 
Current, Per Leg, (Rated Vr, 
Square Wave, 20 kHz), 
Tc = 140°C 
Nonrepetitive Peak Surge 
Current 

(Surge applied at rated 
load conditions 
halfwave, single 
phase, 60 Hz) 


NOTES 
1. DIMENSIONS A AND B ARE DATUMS AND 
-T- 18 A DATUM SURFACE AND SEATING 
PLANE. 
2. POSITIONAL TOLERANCE FOR N HOLES: 
+] 6 013 (0.005) @[ T] A@]8O) 
3. POSITIONAL TOLERANCE FOR Q AND W 
HOLES: 
[+] 6025 0010) Olt] AOEO) 
4. DIMENSIONING AND TOLERANCING PER 
ANSI 114.5, 1973. 


ora MILLIMETERS | INCHES | 
| MIN | -MAX | MIN | 
| - | 3.630 


[| - | 92.20 | 
| B | 17.78 { 20.32 | 0.700 | 0.800 
| - [1587] - | 0.625 | 


Pe | soe [30 Tora [0.130] 
172.45 | 12.95 | 0.490 | 0.510 | 

|G | 34.92 BSC 1.375 BSC 

= 174-20 UNC 

= /4- 

| O | 6.86 0.270 | 0.280 
[80.01 BSC | 


a 


THERMAL CHARACTERISTICS PER LEG 


Rating Symbol | Max | 
Thermal Resistance, Junction to Case R@Jc | 4.0 | °C/W 


ELECTRICAL CHARACTERISTICS PER LEG 


Instantaneous Forward Voltage (1) VF 
(ip = 50 Amp, Tc = 25°C) 


Instantaneous Reverse Current (1) 
(Rated dc Voltage, Tc = 125°C) 
(Rated dc Voltage, Tc = 25°C) 


CASE 357B-01 


| : : Terminal Penetration 0.300 Max 
Maximum Reverse Recovery Time Terminal Torque 50-100 Ib.-in. 
_ {ip = 1.0 Amps, di/dt = 50 Amps/us) Mounting Base Torque 30-40 Ib.-in. 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
POWERTAP and Switchmoade are trademarks of Motorola Inc. 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. : 
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MUR10005CT, MUR10010CT, MUR10015CT, MUR10020CT 


_ FIGURE 1— FORWARD VOLTAGE FIGURE 2 — TYPICAL REVERSE CURRENT* 
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*The curves shown are typical for the highest voltage device in the voltage 
grouping. Typical reverse current for lower voltage selections can be 
estimated from these same curves, if VR is sufficiently below rated Vp. 
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(AA) MOTOROLA 


SWITCHMODE POWER RECTIFIERS 


... designed for special applications such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF inter- 
ference, sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers having typical recovery time of 150 
nanoseconds providing high efficiency at frequencies to 50 kHz. 


@ Dual Diode Construction 


@ 150°C Operating Junction Temperature 


CROSS-REFERENCE GUIDE 


MOTOROLA 
R710XPT 
R711XPT 


R712XPT 
R714XPT 


MAXIMUM RATINGS 


Rating *Y Symb]Maximom | on 


Peak Repetitive Reverse Voltage R710XPT VRRM 50 Volts 
Working Peak Reverse Voltage R711XPT VRWM 100 
DC Blocking Voltage R712XPT VR 200 
R714XPT 400 


Per Device 
Per Diode 


Average Rectified Forward Current 
(Rated Vp) Tc = 100°C 

Peak Repetitive Forward Current, Per Diode 
(1 Second at 60 Hz, Tc = 100°C) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load conditions 
halfwave, single phase, 60 Hz) 


fet a ile 


30 
15 
50 
a ell el 
Operating Junction and Storage Temperature Ty, Tstg | -65 to +150 
THERMAL CHARACTERISTICS PER DIODE 
Therma! Resistance, Junction to Case Rec 
Thermal Resistance, Junction to Ambient RaJA | 40 | ecw 


ELECTRICAL CHARACTERISTICS PER DIODE 
fp Characterstc | Symbol] Maximum 
mA 
1.0 
0.015 


Instantaneous Forward Voltage (1) VE 
(ig = 15 Amp, Tc = 25°C) 


Instantaneous Reverse Current (1) 
(Rated de Voltage, Tc = 100°C) 
(Rated dc Voltage, Tc = 25°C) 


ns 


Reverse Recovery Time 
(Ip = 1.0 Ampere to Vp = 30 Vdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0% 
Switchmode is a trademark of Motorola Inc. 
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R710XPT 
R711XPT 
R712XPT 
R714XPT 


FAST RECOVERY 
RECTIFIERS 


30 AMPERES 
50 to 400 VOLTS 


CASE 340-01 
TO-218AC 


1. ANODE 1 
2. CATHODE(S) 
3. ANODE 2 
4. CATHODE(S) 


CASE 340-01 
-T0-218AC 


R710XPT, R711XPT, R712XPT, R714XPT 


FIGURE 2 — TYPICAL REVERSE CURRENT 


FIGURE 1 — TYPICAL FORWARD VOLTAGE 
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FIGURE 3 — CURRENT DERATING — TOTAL UNIT 
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Zener Diode Data Sheets 4 


4-1 


1/4M2.4AZ10 _ 
the ma MOTOROLA 


1/4M105Z10 


1/4 WATT 


SILICON ZENER DIODES 
2.4-105 VOLTS 


1/4 WATT SILICON ZENER DIODES 


Hermetically sealed, all-glass case with all external surfaces cor- 

rosion resistant. Cathode end, indicated by color band, will be positive 

| with respect to anode end when operated in the zener region. These 

| devices are in the same 400 mW glass package as the 1N746 and 

E 4 1N957 Series, but designated 1/4 Watt to allow characterization 
at a different test current level. 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. ‘ 


ag MILLOMETERS | INCHES —_ | 
[Min [max | Min | MAX | 
Pat 3.05 [5.08 [0.120 [0200 | 


MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C 
DC Power Dissipation: 1/4 Watt (Derate 1.67 mW/°C Above 25°C) 


The type numbers specified have a standard voltage (Vz) tolerance of +10%. 
For closer tolerances, add suffix ‘5’ for +5%, (3%, 2%, 1% tolerances also 
available). . 


All JEDEC dimensions and notes apply. 
CASE 299-02 
DO-204AH 


(D0-35) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Vr = 1.5 V max @ 100 mA) 


Maximum 


Nominal a Zener Maximum 
| Zener Test | Impedance DC Zener 
| Voltage @ IzT Current (Zz7) @ Izt Current 

| (Vz) Volts (iz7) mA 


| 1/4M2.4AZ10 
1/4M2.7AZ10 
1/4M3.0AZ10 
1/4M3.3AZ10 
1/4M3.6AZ10 


*VR1 — Test Voltage for 5% Tolerance Device VR2 — Test Voitage for 10% Tolerance Device 
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1/4M2.4AZ10 thru 1/4M105Z10 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Ve = 1.5 V max @ 100 mA) 


Maximum 


Reverse Leakage Current 


Nominal . Zener Maximum 

Zener Test impedance DC Zener 
Voltage @ IzT Current (Zz) @ Izt Current IR Max 
(Vz) Volts (127) mA (uA) Vai | VYrR2_ | 


1/4M3.9AZ10 
1/4M4.3AZ10 
1/4M4.7AZ10 
1/4M5.1AZ10 
1/4M5.6AZ10 


1/4M6.2AZ10 
1/4M6.8210 
1/4M7.5210 
1/4M8.2Z10 
1/4M9.1Z10 


1/4M102Z10 
1/4M11Z10 
1/4M12Z10 
1/4M13Z10 
1/4M14Z10 


1/4M15Z10 
1/4M16Z10 
1/4M17Z10 
1/4M18Z10 
1/4M192Z10 


1/4M20Z10 
1/4M22Z10 
1/4M24Z10 
1/4M25Z10 
1/4M27Z10 


~1/4M302Z10 
1/4M33Z10 
1/4M362Z10 
1/4M39Z10 
1/4M43Z10 


1/4M45Z10 
1/4M47Z10 
1/4M50Z10 
1/4M52Z10 
1/4M56Z10 


1/4M62Z10 
1/4M68Z10 
1/4M75Z10 
1/4M82Z10 
1/4M91Z10 


1/4M100Z10 
1/4M105210 


*VR1 — Test Voltage for 5% Tolerance Device Vr2 — Test Voltage for 10% Tolerance Device 


SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1 — Nominal zener voltages between those shown. 
2 — Matches sets: (Standard Tolerances are +5.0%, +3.0%, +2.0%, +1.0%) depending on voltage per device. ; 
a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher zener voltages and 
provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 
b. Two or more units matched to one another with any specified tolerance. 
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


(AA) MOTOROLA 


yrners Data Sheet 


‘a . 500-MILLIWATT HERMETICALLY SEALED 
1N746 thru 1N759 "GLASS SILICON ZENER DIODES 


1N957A thru 1N9S86A : Complete Voltage Range — 2.4 to 110 Volts 
| | DO-35 Package — Smaller than Conventional DO-7 Package 
1N4370 thru 1N4372 ‘Double Slug Type Construction 
Metallurgically Bonded Construction 
Nitride Passivated Die 


| Designer’s Data for ‘Worst Case” Conditions 
The Designer’s Data sheets permit the design of most circuits 
GLASS ZENER DIODES entirely from the information presented. Limit curves — representing . 
500 MILLIWATTS | boundaries on device characteristics — are given to facilitate 
2.4-110 VOLTS “worst case’’ design. 


MAXIMUM RATINGS 


‘DC Power Dissipation @ Ty < so", 
Lead Length = 3/8” 
*JEDEC Registration 
*Derate above Ty = 50°C 
Motorola Device Ratings 
Derate above T,_ = 50°C 
Operating and Storage Junction 
Temperature Range 
*JEDEC Registration -65 to +175 
Motorola Device Ratings ~65 to +200 


*Indicates JEDEC Registered Data. 


MECHANICAL CHARACTERISTICS 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16’ 
| from case for 10 seconds 


FINISH: All external surfaces are corrosion resistant with readily solderable leads. 


POLARITY: Cathode indicated by color band. When operated in zener mode, cathode 
will be positive with respect to anode. 


NOTES: 
bidatedlh BOSTON: a” 1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT. 
OF B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 
4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


MILLIMETERS TERS] INCHES 


STEADY STATE POWER DERATING 
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1i JEDEC dimensions and notes apply. 
CASE 299-02 
DO-204AH 
(DO-35) 


TL, LEAD TEMPERATURE (°C) 
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 © 


ELECTRICAL CHARACTERISTICS (1, = 25°C, Vg = 1.5 V max at 200 mA for all types) 


Nominal 
Zener Voltage 
V2 @lzzr 
(Note 2) 


Test 
Current 


Iz27 


Type 
Number 
(Note 1) 


1N4370 

1N4371 

1N4372 
1N746 
1N747 
1N748 


1N749 
1N750 
1N751 
1N752 
1N753 
1N754 


1N755 
1N756 
1N757 
1N758 
1N759 


227 @ Izt 
(Note 3) 


Nominal 
Zener Voltage 
V2 
(Note 2) 


Test (Note 3) 


Current 
I2T 


Type 
Number 
(Note 1) 


INO57A 
IN9OS58A 
INQO59A 
IN96OA 
IN961A 
IN962A 


IN9I6B3A 
INS64A 
IN965A 
IN966A 
IN9Q67A 
IN968A 


IN969A 
IN970A 
IN971A 
IN972A 
IN973A 
IN9O74A) 


INO75A 
IN976A- 
IN9O77A 
IN978A 
IN979A 
IN980A 


INOB1A 
IN9O8B2A 
IN98B3A 
IN984A 
IN98B5A 
IN9O86A 


NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 


Tolerance Designation 
The type numbers shown have tolerance designations 
as follows: 
1N4370 series: +10%, suffix A for 5% units. 
1N746 series: +10%, suffix A for +5% units. 
1NQ57 series: suffix A for +10% units, 
suffix B for +5% units. 


Voltage Designation 
To designate units with zener voltages other than those 


listed, the Motorola type number should be modified as 
shown below. Unless otherwise specified, the electrical 
characteristics other than the nominal voltage (V7) and 
test voltage for leakage current will conform to the 
characteristics of the next higher voltage type shown 
in the table. 


Maximum Zener Impedance 


Maximum Zener Impedance 


Maximum Reverse Leakage Current 


*Maximum 
DC Zener Current 


IZM 
(Note 4) 


*Maximum 
DC Zener Current 
IZM 
(Note 4) 
mA 


Maximum Reverse Current 


Test Voltage Vdc 
5% VR 10% 


Gana aqanawngag aggana aqgaaggaa; agkggF 


EXAMPLE: eA series, ie series variations 


M A Zz —_ 
Power Rating 


avin —T T 


Nominal Voltage 


EXAMPLE: 1N957 series variations 
05 M 59 2 10 


Power oe een i | | yee ae (+%) 
Motorola Zener Diode 


Nominal Voltage 

Matched Sets for Closer Tolerances or Higher Voltages 

Series matched sets make zener voltages in excess of 
100 volts or tolerances of less than 5% possible as well 
as providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability. 

For Matched Sets or other special circuit CECE NEUES: 
contact your Motorola Sales Representative. 


ee eee (+%) 
Lit Diode 
Low Voltage Series 


1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 


NOTE 2. ZENER VOLTAGE (Vz) MEASUREMENT 


Nominal zener voltage is measured with the device 
junction in thermal equilibrium at the lead temperature 
of 30°C +1°C and 3/8” lead length. . 


NOTE 3. ZENER IMPEDANCE (Z7) DERIVATION 


ZZT and Z7K are measured by dividing the ac voltage 
drop across the device by the ac current applied. The 
specified limits are for I7(ac) = 0.1 I7(dc) with the ac 
frequency = 60 Hz. 


NOTE 4. MAXIMUM ZENER 
CURRENT RATINGS (Iz7;) 


Maximum zener current ratings are based on the 
maximum voltage of a 10% 1N746 type unit or a 20% 
1N957 type unit. For closer tolerance units (10% or 5%) 
or units where the actual zener voltage (Vz) is known at 
the operating point, the maximum zener current may be 
increased and is limited by the derating curve. 


APPLICATION NOTE 


Since the actual voltage available from a given zener 
diode is temperature dependent, it is necessary to 
determine junction temperature under any set of 
operating Conditions in order to calculate its value. The 
following procedure is recommended: 

Lead Temperature, T_, should be determined from: 

TL=OLAPD+TA 

OLA is the lead-to-ambient thermal resistance (°C/W) 

and Pp is the power dissipation. The value for OLA 

will vary and depends on the device mounting method. 

OLA is generally 30-40°C/W for the various clips and 

tie points in common use and for printed circuit 

board wiring. 


The temperature of the lead can also be measured using 
a thermocouple placed on the lead as close as possible 
to the tie point. The thermal mass connected to the tie 
point is normally large enough so that it will not signi- 
ficantly respond to heat surges generated in the diode as 
a result of pulsed operation once steady-state conditions 
are achieved. Using the measured value of TL, the 
junction temperature may be determined by: 
TJ =TL+ ATL 
ATJL is the increase in junction temperature above 
the lead temperature and may be found from Figure 1 
for dc power. . 
ATJL = 8JLPD 
For worst-case design, using expected limits of I7, 
limits of PD and the extremes of Tj(ATy) may be esti- 
mated. Changes in voltage, V7, can then be found from: 
AV = 6yZAT$ 
O\vz, the zener voltage temperature coefficient, is 
found from Figures 3 and 4. | 


6p, JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W) 


Ip, LEAKAGE CURRENT (uA) 


Under high power-pulse operation, the zener voltage 
will vary with time and may also be affected signifi- 
cantly by the zener resistance. For best regulation, keep 
current excursions as low as possible. 

Surge limitations are given in Figure 6. They are 
lower than would be expected by considering only 
junction temperature, as current crowding effects cause 
temperatures to be extremely high in small spots, 
resulting in device degradation should the limits of 
Figure 6 be exceeded. 


FIGURE 1 — TYPICAL THERMAL RESISTANCE 


0 0.2 0.4 0.6 0.8 1.0 
L, LEAD LENGTH TO HEAT SINK (INCH) 


FIGURE 2 — TYPICAL LEAKAGE CURRENT 


TYPICAL LEAKAGE CURRENT 
AT 80% OF NOMINAL 
BREAKDOWN VOLTAGE 
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Vz, NOMINAL ZENER VOLTAGE (VOLTS) 


1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 


FIGURE 3 — TEMPERATURE COEFFICIENTS 
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.) 


a — RANGE FOR UNITS TO 12 VOLTS 


b — RANGE FOR UNITS 12 TO 100 VOLTS 
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0Vz, TEMPERATURE COEFFICIENT (mV/°C) 
Vz, TEMPERATURE COEFFICIENT (mV/°C) 


5.0 
Vz, ZENER VOLTAGE (VOLTS) 


FIGURE 4 — EFFECT OF ZENER CURRENT 


20 30 50 
Vz, ZENER VOLTAGE (VOLTS) 


FIGURE 5 — TYPICAL CAPACITANCE 
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Vz, ZENER VOLTAGE (VOLTS) 


FIGURE 6 — MAXIMUM SURGE POWER 
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This graph represents 90 percentil data points. 
For worst-case design characteristics, multiply surge power by 2/3. 
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CC 
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100 200 500 1000 


1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 


FIGURE 8 — EFFECT OF ZENER VOLTAGE 


FIGURE 7 — EFFECT OF ZENER CURRENT 
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ON ZENER IMPEDANCE 
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Vz, ZENER vo rae Mats 
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FIGURE 10 — NOISE DENSITY MEASUREMENT METHOD 


FIGURE 9 — TYPICAL NOISE DENSITY 


Amplifier 


Load 


51k 


Ammeter 


Vout 


Overall Gain VBwW 


2.0 kHz 
3.0 kHz 
2.0 kHz 
BW = Filter Bandwidth (Hz) 
Vout = Output Noise (Volts RMS) 


Oo Nz 


Test 
Zener 
(Volts Per Square Root Bandwidth) 
Where: 


Noise Density 
The input voltage and load resistance are high so that the zener 


diode is driven from a constant current source. The amplifier is 
low noise so that the amplifier noise is negligible compared to 
that of the test zener. The filter bandpass is known so that the 


noise density can be calculated from the formula shown. 


DC Power 
Supply 
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Vz, ZENER VOLTAGE uae 


FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS 
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1N746 thru 1N759, 1N957A thru 1N986A, 1N4370 thru 1N4372 


17, ZENER CURRENT (mA) 


iz, ZENER CURRENT (mA) 


lz, ZENER CURRENT (mA) 
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FIGURE 12 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 1 THRU 16 VOLTS 
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FIGURE 13 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 15 THRU 30 VOLTS 
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Vz, ZENER VOLTAGE (VOLTS) 
FIGURE 14 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 30 THRU 105 VOLTS 
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1N821,A 1N823,A 
1N825,A 1N827,A_ 
1N829,0 


Designers Data 


MOTOROLA 


Sheet 


TEMPERATURE- 

COMPENSATED 

SILICON ZENER 
REFERENCE DIODES 


6.2 V, 400 mW 


| TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 


| Temperature-compensated zener reference diodes utilizing a 
nitride passivated junction for long-term voltage stability. Arugged, 
glass-enclosed, hermetically sealed structure. 


Designer’s Data for ‘‘Worst-Case”’ Conditions 


The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data — representing 
device characteristic boundaries — are given to facilitate “‘worst- 
case’ design. 


MAXIMUM RATINGS 


Junction Temperature -55 to +1 75°C 
Storage Temperature: -65 to +1 75°C 
~ DC Power Dissipation: 400 mW @ T , = 50°C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx) 
MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted. 
; VzZ=6.2 V £5.0%* @ Iz7 = 7.5 mA) 


Maximum Ambient Maximum 
Voltage Test Temperature Dynamic 
Change Temperature _ Coefficient Impedance 

AV 2 (Volts) °c %/°C Z27 Ohms 
(Note 1) (Note 1) (Note 2) 
All JEDEC dimensions and notes apply. 

NOTES: 
1..PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 

’ {INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW:FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. © 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 

CASE 299-02 
DO-204AH 
(DO-35) 


0.0005 


*Tighter-tolerance units available on special request. 


CAPACITANCE (C) = 30 to 400 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (V¢) = 15 to 50 V 
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1N821, A, 1N823, A, 1N825, A, 1N827, A, 1N829, A 


AVZ, MAXIMUM VOLTAGE CHANGE (mV) 


(Referenced to -55°C) 


9.0 


12, ZENER CURRENT (mA) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(with |z7 = 7.5 mA £0.01 mA) (See Note 3) 


FIGURE 1a 
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1N821 thru 1N829 


FIGURE 1b 
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1N823,A 
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Ta, AMBIENT TEMPERATURE (°C) 


ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 


(At Specified Temperatures) 
(See Note 4) 


MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 


FIGURE 2 — 1N821 SERIES 
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AVZ, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to 177 = 7.5 mA) 


17, ZENER CURRENT (mA) 
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FIGURE 3 — 1N821A SERIES 
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AVZ, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to 177 = 7.5 mA) 


+100°C 


-550C 
0 


MAXIMUM GENERATED NOISE (nV rms) 


1N821, A, 1N823, A, 1N825, A, 1N827, A, 1N829, A 


MAXIMUM ZENER IMPEDANCE versus ZENER CURRENT 


(See Note 2) 
MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES. 


FIGURE 4 — 1N821 SERIES 


Zz, MAXIMUM ZENER IMPEDANCE (OHMS) 


Iz, ZENER CURRENT (mA) 


FIGURE 5 — 1N821A SERIES 
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FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE 


I27 =7.5 mA 
BANDWIDTH = 500 Hz 


fc, CENTER FREQUENCY (kHz) 


NOTE 1: 


Voltage Variation (aVz) and Temperature Coefficient. 

All reference diodes are characterized by the “box method’. This 
guarantees a maximum voltage variation (AVz) over the specified 
temperature range, at the specified test current (lz7), verified by 
tests at indicated temperature points within the range. Vz is meas- 
ured and recorded at each temperature specified. The AVz between 
the highest and lowest values must not exceed the maximum AVz 
given. This method of indicating voltage stability is now used for 
JEDEC registration as well as for military qualification. The former 
method of indicating voltage stability — by means of temperature 


~~ coefficient — accurately reflects the voltage deviation at the tempera- 


ture extremes, but is not necessarily accurate within the tempera- 
ture range because reference diodes have a nonlinear temperature 
relationship. The temperature coefficient, therefore, is given only 
as a reference. . 


NOTE 2: 

The dynamic zener impedance, Z77, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, IzT, is superimposed on I 77. 
Curves showing the variation of zener impedance with zener current 
for each series are given in Figures 4 and 5. 


NOTE 3: 


These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +50°C will cause a volt- 
age change no greater than +31 mV or -31 mV for 1N821 or IN821A, 
as illustrated by the dashed lines in Figure 1. The boundaries given 
are maximum values. For greater resolution, an expanded view of 
the shaded area in Figure 1a is shown in Figure 1b. 


NOTE 4: 

The maximum voltage change, AVz, Figures 2 and 3 is due en- 

tirely to the impedance of the device. |f both temperature and I 77 
are varied, then the total voltage change may be obtained by graph- 
ically adding AVzZ in Figure 2 or 3 to the AVz in Figure 1 for the 

device under consideration. If the device is to be operated at some 

stable current other than the specified test current, a new set of 
characteristics may be plotted by superimposing the data in Figure 2 
or 3 on Figure 1. For a more detailed explanation see AN-437 

(Application Note). 


A412 


(AA) MOTOROLA 


Designers Data Sheet 


TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 


Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rugged, 
glass-enclosed, hermetically sealed structure. 


Designer’s Data for “Worst Case’’ Conditions 


The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data — representing 
device characteristic boundaries ~— are given to facilitate ‘‘worst 
case”’ design. 


MAXIMUM RATINGS 


Junction Temperature: -55 to +1 75°C 
Storage Temperature. 65 to +1 75°C 
DC Power Dissipation: 500 mW @ T, = 25°C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are corrosion resistant and leads are readily 
solderable and weldable. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx) 
MOUNTING POSITION: Any 


25°C unless otherwise noted 
9.0 V +5.0%* @ l7y7 = 7.5 mA) 


ELECTRICAL CHARACTERISTICS (Tj 
VZ 


Maximum Ambient Maximum 
Voltage Test Temperature Dynamic 
JEDEC Change Temperature Coefficient Impedance 
Type No. AV z (Volts) a %/°C Zz7 (Ohms) 
(Note 1) = gue 2) (Note 2) (Note 3) 


ino35_ | 0.067 
1N936 0.033 6.008. | 


1N937 | = 0.013 0,+25,+75 oe 
1N938 a BE | = 0.006 a .001 
1N939 | ==0.003 he 0 a ne 


IN935A__ | 0.139 
TN936A 0.069 Bese 


[0.005 
IN937A 0.027 eae 0.002 


INSSBA 
INDSIA 
INS368 
iN9368 
1N9378 oe eos 
NE a 
in9398 


*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 20 to 180 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (V¢) = 100 to 800 V 
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1N935,A,B 
thru 
1N939,AB 


TEMPERATURE- 

COMPENSATED 

SILICON ZENER 
REFERENCE DIODES 


9.0 V, 500 mW 


im UEP TERS| 
| MIN, | MAX | 


All JEDEC dimensions and notes apply 


CASE 51 
DO-7 


NOTES: 

1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


1N935, A, B thru 1N939, A, B 


~ MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 


(with lz7 = 7.5 mA £0.01 mA) (See Note 4) 


1N935 thru 1N939 | 
| FIGURE 1b 


FIGURE 1a 


(Referenced to 0°C) 


i 
Ro 
nn 


AV7, MAXIMUM VOLTAGE CHANGE (mV) 


-50 


Ta, AMBIENT TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 


(with lz77 = 7.5 MA +0.01 mA) (See Note 4) 


IN936A 


(Reference to -55°C) 


1N937A 


“V7, MAXIMUM VOLTAGE CHANGE (mv) 


-150 IN935A 
c . -55 0 50 100 
TA, AMBIENT TEMPERATURE (°C) 
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1N935, A, B thru 1N939, A, B 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with !77 = 7.5 mA £0.01 mA) (See Note 4) 


1N935B thru 1N939B 
FIGURE 3a FIGURE 3b 
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FIGURE 4 — ZENER CURRENT versus MAXIMUM. FIGURE 5 — MAXIMUM ZENER IMPEDANCE 
VOLTAGE CHANGE (at specified temperatures) versus ZENER CURRENT 
(See Note 5) (See Note 3) 
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1N935, A, B thru 1N939, A, B 


| FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE 
a ee ee ees ee 
nee ee 7.5 mA A | 
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NOTE 1: 


Types 1N935B, 1N937B, and 1N939B are available to MIL-S-19500/ 
156 and MEG-A-LIFE II, Levels 1, 2, & 3, specifications. 


NOTE 2: 
Voltage Variation (aVz) and Temperature Coefficient. 


All reference diodes are characterized by the ‘box method’. This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current (!z7T), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 


’ Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 


NOTE 4: 


These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50°C will cause a volt- 
age change no greater than +22 mV or -22 mV for 1NQ935, as illus- 
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectively. 


necessarily accurate within the temperature range because reference ~ 


diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 

NOTE 3: 

Zener Impedance Derivation 


The dynamic zener impedance, Z7T, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, | 77, is superimposed on I77. 


NOTE 5: 


The maximum voltage change, AVz, in Figure 4 is due entirely to the 
impedance of the device. !f both temperature and I77 are varied, 
then the total voltage change may be obtained by adding 4V7 in Fig- 
ure 4 to the aV7 in Figure 1, 2, or 3 for the device under considera- 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3. 
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(AA) MOTOROLA 


Sheet 


Designers Data 


TEMPERATURE-COMPENSATED ZENER 
REFERENCE DIODES 


Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rugged, 
glass-enclosed, hermetically sealed structure. 


Designer’s Data for “Worst Case’’ Conditions 


The Designers Data Sheet permits the design of most circuits 
entirely from the information presented. Limit data — representing 
device characteristic boundaries — are given to facilitate ‘worst 
case”’ design. 


MAXIMUM RATINGS 


Junction Temperature: -55 to +1 75°C 
Storage Temperature: 65 to +1 75°C 
DC Power Dissipation: 500 mW @ T, = 25°C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are -corrosion resistant and leads are readily 
solderable and weldable. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx) 
MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS (Tar = 25°C unless otherwise noted 
VzZ=11.7V + 5.0%* @ |z77 = 7.5 mA) 


Maximum Ambient Maximum 
| Voltage Test Temperature Dynamic 
| JEDEC Change Temperature Coefficient Impedance 
| Type No. Nz (Volts) °c %1°C Zor (Ohms) 

(Note 1) (Note 2) 41°C (Note 2) (Note 3). 
0, +25, +75 30 
1N945 
ee) 30 
ere 
1N941B 
1N942B 
iN9436 pe. 028 30 
ee 1N944B +75, +100, +150 
iNaaBs 


*Tighter-tolerance units available on special request. 
CAPACITANCE (C) = 14 to 35 pF @ 90% of Vz 
FORWARD BREAKDOWN VOLTAGE (V¢) = 150 to 1200 V 
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IN941.A.B 
thru 
iN945,A.B 


TEMPERATURE- 

COMPENSATED 

SILICON ZENER 
REFERENCE DIODES 


11.7 V, 500 mW 


Atl JEDEC dimensions and notes apply 


CASE 51-02 
DO-7 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 

FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 

IRREGULARITIES OTHER THAN HEAT SLUGS. 


1N941, A, B thru 1N945, A, B 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 


(With lz7 = 7.5 MA +0.01 mA) (See Note 4) 


_ 1N941 thru 1N945 _— oo : | 
FIGURE 1a | oe ; | FIGURE 1b 


ao a on 
Azza all 


OVz, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to 0°C) 


Saal 
1N944 1N943 


Ta, AMBIENT TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 


(With lz7 = 7.5 mA 40.01 mA) (See Note 4) 


1N941A thru 1N945A 
FIGURE 2a . FIGURE 2b 
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A4V7, MAXIMUM VOLTAGE CHANGE (mv) 
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Ta, AMBIENT TEMPERATURE (°C) 


4-18 


1N941, A, B thru 1N945, A, B 


MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(with |z7 = 7.5 mA £0.01 mA) (See Note 4) 


1N941B thru 1N945B 


FIGURE 3a 


4V7, MAXIMUM VOLTAGE CHANGE (mv) 
is (Reference to -55°C) 
S oO 


FIGURE 3b 
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FIGURE 4 — ZENER CURRENT versus MAXIMUM 
VOLTAGE CHANGE (At specified temperatures) 


FIGURE 5 — MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT 


(See Note 5) (See Note 3) 
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AVZ, MAXIMUM VOLTAGE CHANGE 
(Referenced to 177 = 7.5 mA) 


: ZENER CURRENT (mA) 
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1N941, A, B thru 1N945, A, 


FIGURE 6 — DISTRIBUTION OF MAXIMUM GENERATED NOISE 
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NOTE 1: 


Types 1N941B, 1N943B, and 1N944B are available to MIL-S-19500/ 
157 and MEG-A-LIFE II, Levels 1, 2, & 3, specifications. 


NOTE 2: 
Voltage Variation (aVz) and Temperature Coefficient. 


All reference diodes are characterized by the “box method’. This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current (!77), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The feruperatre 
coefficient, therefore, is given only as a reference. 


NOTE 3: 
Zener Impedance Derivation 


The dynamic zener impedance, Z77, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, |7T, is superimposed on I77. 


Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 5. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. . 


NOTE 4: 


These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from +25 to +50°C will cause a volt- 
age change no greater than +29 mV or -28 mV for 1N941, as illus- 
trated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a, 2a, and 3a are shown in Figures 1b, 2b, 
and 3b respectively. 


NOTE 5: 


The maximum voltage change, aV7, in Figure 4 is due entirely to the 
impedance of the device. If both temperature and | 77 are varied, 
then the total voltage change may be obtained by adding AV 7 in Fig- 
ure 4 to the aV7 in Figure 1, 2, or 3 for the device under considera 
tion. If the device is to be operated at some stable current other 
than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 4 on Figure 1, 2, or 3. 
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(AA) MOTOROLA 


(Advance Information |) "thru 
thru 


1N992A 


CONSTANT -VOLTAGE REFERENCES FOR 
120 thru 200-VOLT APPLICATIONS 400-MILLIWATT 


400-Milliwatt SILICON ZENER 
DIODES 


Guaranteed Low Zener Impedance 


Guaranteed Low Leakage Current 
Controlled Forward Characteristics 
Temperature Range: —~65 to + 175°C 
No Heat Sink Required 


MAXIMUM RATINGS 
ee ee CC 
DC Power Dissipation @ T; =50°C_ . 400 mW 
Derate above T, = 50°C 32 mWw/°C 
Operating and Storage Junction Temperature Range -65 to +175 "CG 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed all glass case. 
DIMENSIONS: See outline drawing. 
FINISH: All external surfaces are corrosion resistant with readily solderable leads. 


POLARITY: Cathode end indicated by color band. When operated in zener region, 
the cathode end will be positive with respect to anode end. 


WEIGHT: 0.2 grams (approx.) 
MOUNTING POSITION: Any 


FIG 1—P ISSIPATI NOTES: 
whe One. hs 1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 


LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


Alt JEDEC dimensions and notes apply 


- 
ad 
- 
= 
= 
LL! 
= 


Pp(AV), AVERAGE POWER DISSIPATION (mW) 


CASE 51-02 
100 125 150 175 DO-204AA 
Ta, AMBIENT TEMPERATURE (°C) (DO-7) 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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1N987A thru 1N992A 


40 = 


ELECTRICAL CHARACTERISTICS (Tx, = 25°C, Ve = 1.5 V max at 200 mA for all types) 


Nominal 


1N987A 
IN988A 
IN989A 
1IN990A 
IN991A 
IN992A 


NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION 


Tolerance Designation 
The tolerance designations are as follows: 
Suffix A: + 10% 
Suffix B: +5% 


Voltage Designation 

To designate units with zener voltages other than those listed, 
a Motorola type number should be used, as shown below. Unless 
otherwise specified, the electrical characteristics other than the 
nominal voltage (Vz) and test voltage for leakage current will 
conform to the characteristics of the next higher voltage type 
shown in the tabie. 


EXAMPLE: 


04M115 2 10 
Power Rating eeatiot le | | 5 eee eee (+%) 
Motorola Zener Diode 


Nominal Voitage 


Matched Sets for Closer Tolerances or Higher Voltages 
Series matched sets make zener voltages in excess of 200 volts 
or tolerances of less than 5% possible as well as providing lower 
temperature coefficients, lower dynamic impedance and greater 
power handling ability. . 
For Clippers, Parallel Matched Sets or other special circuit 
requirements, contact your Motorola Representative. 


Maximum Zener Impedance 


Maximum DC Maximum Reverse Current 


Zener Voltage Test (Note 3) Zener Current (Note 5) 
Current IZM 
Number 227 @ Iiztr | ZzK © IzK (Note 4) IR Maximum Test Voltage Vdc 


NOTE 2 — ZENER VOLTAGE (Vz) MEASUREMENT 


Nominal zener voltage is measured with the device junction in 
thermal equilibrium with ambient temperature of 25°C. 


NOTE 3 — ZENER IMPEDANCE (27) DERIVATION 


The zener impedance is derived from the 60 cycle ac voltage, 
which results when an ac current having an rms value equal to 10% 
of the de zener current (!z7T) is superimposed on I77. 

A cathode ray oscilloscope curve test is used to insure that 
each zener diode breakdown region begins at a low current level 
and that zener voltage remains nearly constant to a current level in 
excess of Igy. 


NOTE 4 — MAXIMUM ZENER CURRENT RATINGS (Iz,y) 


Maximum zener current ratings are based on the maximum 
voltage of a 20% unit. For closer tolerance units (10% or 5%) or 
units where the actual zener voltage (Vz) is known at the 
operating point, the maximum zener current may be increased 
and is limited by the derating curve. 


NOTE 5 — REVERSE LEAKAGE CURRENT Ip 


Reverse leakage currents are guaranteed only for 5% and 10% 
400 mW silicon zener diodes and are measured at Vp as shown 
on the table. 
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1N2804 thru 1N2846 


6.8V thru 200V (Case 54) 


1N3305 thru 1N3350 


6.8V thru 200V (Case 58) 


1N4549 thru 1N4556 


3.9V thru 7.5V (Case 58) 


1N4557 thru 1N4564 


3.9V thru 7.5V (Case 54) 


(AA) MOTOROLA 


ZENER DIODES 


Units are available with anode-to-case and cathode-to-case 
connections (Standard and reverse polarity). For reverse polarity, 
add suffix ‘“‘R” to type number. 


50 WATTS 
ZENER DIODES 


MAXIMUM RATINGS 
Junction and Storage Temperature: -65°C to + 175°C. 
DC Power Dissipation: 50 Watts. (Derate 0.5 W/°C above 75°C). 


TOLERANCE DESIGNATION: The type numbers shown have a standard 
tolerance of +20% on the nominal zener voltage. Add suffix “‘A”’ for 
+10% units or ‘B” for +5% units. (2% and 1% tolerance also 
available. 

CASE 54 APPLICATIONS INFORMATION: If these units are used with a 
socket, the unregulated line should be connected to one pin through a 
suitable current limiting resistor and the load should be connected to 
the other pin. The load will now be disconnected from the line if the unit 
is removed from the socket. 


Typical circuit connections for anode-to-case and cathode-to-case 
polarities (standard and reverse polarities, respectively) are shown 
below. 


CASE 54 
(TO-3 Modified) 


CASE 58 
(stud package) 


CIRCUIT CONNECTIONS 


Current 
Limiting 
Resistor 


® 
Unregulated 
DC ©6 
= Chassis Red Dot on Case and = Chassis 


. Case Terminal or Gnd. “R” Suffix on Type No. Case Terminal or Gnd. 
ae (+) 


Interlock Jumper Interlock Jumper 


STANDARD POLARITY 
(Anode to Case) 


(~) 
Unregulated 


REVERSE POLARITY oC .2 


(Cathode to Case) 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 


AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 
.those assigned JEDEC numbers and/or tight voltage 
tolerances (+3%, +2%, +1%), the Motorola type 
number should be used. 


50 M 90 z 3 
ae ale, as TT. ~T 


Device Motorola Nominal Zener Tolerance 
_ Description Voltage Stud Diode (+ %) 


Example: 50M90ZS3 


(B) MATCHED SETS: (Standard Tolerances are +5.0%, 
+2.0%, + 1.0%). 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying 
such matched sets similar to the one described in (A) for 
specifying units with a special voltage and/or tolerance 
except that two extra suffixes are added to the code 
number described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is 
marked with the same serial number which is different 
for each set being ordered. 


Tolerance 


dae 51 Meals site, yc 
Description (each device) Diodes Tolerance 

of set 

Motorola Stud | (+1%) 

per device (+ 5%) Code* 


(omit for + 20% mane (A-Not used) 


*Code: 
B — Two devices in series 
C — Three devices in series 
D — Four devices in series 


(C) ZENER CLIPPERS: (Standard Tolerance +10% and 
+5%). 
Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: 


Example: 50M51SZ5B1 


ae isl nae 
Voltage Diodes 


sles 
Description 
Motorola ; Stud Clipper 
Tolerance for each of 
the two Zener volt- 
ages (not a matching 
requirement) 


Example: 50M20S2ZZ10 
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~1N2804 thru 1N2846, 1N3305 thru 1N3350, 1N4549 thru 1N4564 


ELECTRICAL CHARACTERISTICS (T Cc = 30°C unless otherwise specified, Ve = 1.5 V max @ 10 A on all types.) | 


Nominal Max DC Zener Reverse* 
Leakage Current 


Typical 


Max Zener Impedance 


Current Zener 
50 Watt | 50 Watt 75°C Case Temp Voltage 
Case 54 | Case 58 (Izpq)MA Temp. Coeff. 


Z2K @ izx = 5mA %I1°C 


ohms 


Zzt @ Izr 
ohms 


1N4557 
1N4558 
1N4559 
-1N4560 
1N4561 
1N4562 
1N2804 
1N4563 
1N2805 
1N4564 
1N2806 
1N2807 
1N2808 
1N2809 
1N2810 
1N2811 
1N2812 
1N2813 
1N2814 
1N2815 
1N2816 
1N2817 
1N2818 
1N2819 
1N2820 
1N2821 
1N2822 
1N2823 
| 1N2824 
1N2825 
1N2826 
1N2827 
1N2828 
1N2829 
1N2830 
1N2831 
1N2832 
1N2833 
1N2834 
1N2835 
1N2836 
1N2837 
1N2838 
1N2839 
1N2840 
1N2841 
1N2842 
1N2843 
1N2844 


1N4549 
1N4550 
1N4551 
1N4552 
1N4553 
1N4554 
1N3305 
1N4555 
1N3306 
1N4556 
1N3307 
1N3308 
1N3309 
1N3310 
1N3311 
1N3312 
1N3313 
1N3314 
1N3315 
1N3316 
1N3317 
1N3318 
1N3319 
1N3320 
1N3321 
1N3322 
1N3323 
1N3324 
1N3325 
1N3326 
1N3327 | 
1N3328 
1N3329 
1N3330 
1N3331 
1N3332 
1N3333 
1N3334 
1N3335 
1N3336 
1N3337 | 
1N3338 
1N3339 
1N3340 
1N3341 
1N3342 
1N3343 
1N3344 
1N3345 
1N3346 
1N3347 
1N3348 
1N3349 
1N3350 


1N2845 
1N2846 


. ak 
anna anaaqaxaanaa&a;»gqaoaa;qan ao naan; gqaana»anag;aaa aanaa aaa a oa © 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 


*VRi — Test Voltage for 5% Tolerance Device 
VrR2 — Test Voltage for 10% Tolerance Device 
No Leakage Specified as 20% Tolerance Device 
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1N2804 thru 1N2846, 1N3305 thru 1N3350, 1N4549 thru 1N4564 


FIGURE 1 — TEMPERATURE CHARACTERISTICS 


Q 
Oe | 


AV VARIES APPROXIMATELY +0.08V. 


TINT TT 
Pt INE tT 


AVIS THE TYPICAL VOLTAGE CHANGE OBSERVED OVER THE TEMPERATURE RANGE 
FROM +25 TO +125°C. AV IS POSITIVE ABOVE 5 VOLTS, NEGATIVE BELOW 4.3 
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(SLTOA) JDNVHO JOVLIOA ‘AV 


Vz, BREAKDOWN VOLTAGE (VOLTS) 


FIGURE 3 — LEAKAGE CURRENT 


FIGURE 2 — POWER-TEMPERATURE DERATING CURVE 
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1N2804 thru 1N2846, 1N3305 thru 1N3350, 1N4549 thru 1N4564 


STYLE 1: 
TERM. 1. CATHODE 
2. ANODE 
STYLE 2: 


TERM. 1. ANODE 
aia MILLIMETERS] INCHES | 2. CATHODE 
Min [MAX | MIN |] 


STYLE 3: 
PIN 1. CATHODE 
2. CATHODE 
CASE: ANODE 


STYLE 4: 
PIN 1. ANODE 
2. ANODE 
CASE: CATHODE 


CASE 54 CASE 58 
(TO-3 Modified) a . (stud package) 
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~1N2970 | 
(AA) MOTOROLA | thru 
1N3015 


10 WATTS 
ZENER DIODES 


ZENER DIODES 


Diffused-junction zener diodes for both military and high- 
reliability industrial applications. Available with anode-to-case 
and cathode-to-case connections (standard and reverse 
polarity), i.e, 1N2970 and 1N2970R. Supplied with mounting 


hardware. 


STYLE 1: 
TERM. 1. CATHODE 


The type numbers shown have a standard tolerance of + 20% on the 2. ANODE 


nominal zener voltage. Add suffix ‘“‘A’’ for + 10% units or “B” for +5% 
units. (2% and 1% tolerance also available.) 


STYLE 2: 
TERM 1. ANODE 
2. CATHODE 


MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to + 175°C. 
DC Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 


CASE 56 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted, DO-4 


Ve = 1.5 V max @ IF =2 amp on all types.) 


Nominal Test Max Zener impedance Max DC Zener 


Zener Voitage Current ' Current 
Vz @ Izt IZT Zzt @ Izt | 22K @ !zk 
Voits mA | Ohms Ohms 
; 1.2 : 


500 
250 


1N2970 
1N2971 
1N2972 250 
1N2973 : 250 
1N2974 250 
1N2975 

~ 1N2976 
1N2977 
1N2978 
1N2979 


*VR1 — Test Voltage for 5% Tolerance Device. Vaz — Test Voltage for 10 % Tolerance Device. No Leakage Specified as 20% Tolerance Device. 
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1N2970 thru 1N3015 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted, Ve = 1.5 Vmax @ IF =2 amp on all types.) 


Nominal Test Max Zener impedance Max DC Zener 


1N2980 
1N2982 
1N2983 
1N2984 
1N2985 
1N2986 
1N2988 
1N2989 
1N2990 
1N2991 
1N2992 
1N2993 
1N2995 
1N2996 
1N2997 
1N2998 
1N2999 
1N3000 
1N3001 
1N3002 
1N3003 
1N3004 
1N3005 
1N3006 
1N3007 
1N3008 
1N3009 
1N3010 
1N3011 
1N3012 


Zener Voltage Current Current 
Vz @lztr lzT Zzt @ Izy | ZzKx @ Izx iz7mq mA Ip Max 
Volts mA _ oe as 


ananwnanana a a Hl 


NN @ © 
oan 


5 
5 
5 
5 
5 
5 
5 
5 
5 
3) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


ano a 
& @®WNMN 


a 


1N3014 i ; 7,850 7% 136.8 1296 
1N3015 2,000 1.0 152.0 144.0 


*VpRi — Test Voltage for 5% Tolerance Device. Va2 — Test Voltage for 10 % Tolerance Device. No Leakage Specified as 20% Tolerance Device. 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 

AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 

those assigned JEDEC numbers and/or tight voitage 

tolerances (+3%, +2%, +1%), the Motorola type 
number should be used. . 


10 M 90 Zz 3 
wars a5 oe ae ae 
Device Motorola . Nominal Zener Tolerance 


Description Voltage Diode (+%) 


Example: 10M90Z3 


(B) MATCHED SETS: (Standard Tolerances are +5.0%, 
+2.0%, +1.0%). 

Zener diodes can be obtained in sets consisting of two 

or more matched devices. The method for specifying 

such matched sets is similar to the one described in (A) 

for specifying units with a special voitage and/or 

tolerance except that two extra suffixes are added to the 
code number described. 


These units are marked with code letters to identify the 


matched sets and, in addition, each unit in a set is 
marked with the same serial number, which is giterent 
for each set being ordered. 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 


M 


10 51 
a ie it de 
Device 51 Volts aa Pele 
Description (each device) Diodes Tolerance 
of set 
Motorola (+1%) 
Tolerance 
per device (+5%) Code* 


(omit for + 20% ia (A-Not used) 
*Code: 
B — Two devices in series 
C — Three devices in series 
D — Four devices in series 


Esa: 10M51Z5B1. 


(C) ZENER. CLIPPERS: (Standard Tolerance +10% and 
+ 5%). 
Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: . 


10 M 20 
Pe. “TT 
Device Nominal at 
Description . Voltage : Diodes 
Motorola Clipper 


Tolerance for each of 

the two Zener volt- 

ages (not a matching 
Example: 10M20ZZ10 © requirement) 


(AA) MOTOROLA 


1N3154,A 
thru 


TEMPERATURE-COMPENSATED SILICON 1N3157,A 
ZENER REFERENCE DIODES 


Temperature-compensated zener reference diodes utilizing an 
oxide-passivated junction for long-term voltage stability. A rug- 
ged, glass-enclosed, hermetically sealed structure. 


TEMPERATURE- 

COMPENSATED 

SILICON ZENER 
REFERENCE DIODES 


8.9 V, 500 mW 


MAXIMUM RATINGS 


Junction Temperature: -55 to +175°C 
Storage Temperature: -65 to + 175°C 
DC Power Dissipation: 500 mW @ Ta = 25°C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all glass. 

DIMENSIONS: See outline drawing. 

FINISH: Ali external surfaces are corrosion resistant and leads are 
readily solderable and weldable. 

POLARITY: Cathode indicated by polarity band. 

WEIGHT: 0.2 Grams (approx) 

MOUNTING POSITION: Any 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted 


= 8.4V +5.0%* @ I77 = 10 MA) 


< 
N 
| 


Maximum Ambient Maximum 
Voltage Test Temperature Dynamic 
JEDEC Change Temperature Coefficient Impedance 
Type No. | AVz (Volts) %l °C Zz7(Ohms) 
(Note 1) (Note 2) ; (Note 2) (Note 3) 
1N3154 


MILLIMETERS] INCHES 
| MIN | MAX | 


1N3155 -55, 0, +25, +75, “i 
ater eee Paes 


1N3154A All JEDEC dimensions and notes apply 
1N3155A -55, 0, +25, + 785, CASE 51 
1N3156A +100, +150 DO-7 

1N3157A ; NOTES: 


1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 


me LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
*Tighter-tolerance units available on special request. WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 


CAPACITANCE (C) = 20 to 180 pF @ 90% of Vz THE MIN LIMIT OF DIAB. 
FORWARD BREAKDOWN VOLTAGE (V,) = 100 to 800 V 2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
| FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
| IRREGULARITIES OTHER THAN HEAT SLUGS. 
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1N3154A thru 1N3157A 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 


(with 177 = 10 MA £0.01 mA) (See Note 4) 


N3154 
FIGURE 1a alia a eda FIGURE 1b 


150 


IN3154 Y 1N3155 


CAN 


I7zT=10mA 


\ 


100 


1N3156 


on 
QoQ 


oS 


AV7, MAXIMUM VOLTAGE CHANGE (mV) 
(Referenced to 0°C) 
g 


Aa 
Yorn 
oe 
oe, 
: 
aaa 
ne 
a Sl 
es 
eel 
De | 
p ASN 


-100 


- 


1n3154 | \ 


Ta, AMBIENT TEMPERATURE (°C) 


MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(with |z7 = 10 mA £40.01 mA) (See Note 4) 
FIGURE 2a . 1N3154A thru 1N3157A FIGURE 2b 


1N3156A 


fd 1N3157A 


IN3156A 
1N3157A i 


IN 
IN3157A ; 
bas 1 | +10 AS fd 


WALL 
LL 


(Referenced to -55°C) 


TINSI57A 


a 


4W7, MAXIMUM VOLTAGE CHANGE (mV) 


1N3156A 


ies Cees Ce eee 
oe A 


-55 0 100 150 
Ta, AMBIENT TEMPERATURE (°C) ; 


i 
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1N3154A thru 1N3157A 


FIGURE 3 — ZENER CURRENT versus MAXIMUM 


VOLTAGE CHANGE (at specified temperatures) 
(See Note 5) 


MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 


FIGURE 4 — MAXIMUM ZENER IMPEDANCE 


versus ZENER CURRENT 
(See Note 3) 


B 
= 
x 
=) 
= © 
E Z 
— a 
= 
& oc 
= = 
c Lu 
= N 
NI 5 
<< 
= 
Ni 
N 
Ov Z| 
-15 -50 “25 0 25 50 1.0 5.0 10 20 30 40 
\Vz, MAXIMUM VOLTAGE CHANGE (mv) 1z, ZENER CURRENT (mA) 
(Referenced to lz7 = 10 mA) 
FIGURE 5 — DISTRIBUTION OF MAXIMUM GENERATED NOISE 
4.0 aes eas i ns | i ps 2 ly | 
~ I7T=10mA | 
e 80 BANDWIDTH =500Hz~] JJ a ae ame Sa ae Sea 
3 in en ea is — Mel 
o 
2 
e iV we Me eR es 
= 
= eerie (as etenaetaree) meee (ee ee ee 4 
: ey 
= i ae 4 ee 
10 20 30. +40 50 100 200 400 1000 
fe, CENTER FREQUENCY (kHz) 
NOTE 1: 


Types 1N3154 thru 1N3157 are available to MIL-S-19500/158 and 
MEG-A-LIFE It, Levels 1, 2, & 3, specifications. 


NOTE 2: 
Voltage Variation (aAVzZ) and Temperature Coefficient. 


All reference diodes are characterized by the ‘box method’’. This 
guarantees a maximum voltage variation (aVz) over the specified 
temperature range, at the specified test current (Iz7), verified by 
tests at indicated temperature points within the range. This method 
of indicating voltage stability is now used for JEDEC registration as 
well as for military qualification. The former method of indicating 
voltage stability — by means of temperature coefficient — accurately 
reflects the voltage deviation at the temperature extremes, but is not 
necessarily accurate within the temperature range because reference 
diodes have a nonlinear temperature relationship. The temperature 
coefficient, therefore, is given only as a reference. 


NOTE 3: 
Zener Impedance Derivation 


The dynamic zener impedance, 277, is derived from the 60-Hz ac 
voltage drop which results when an ac current with an rms value 
equal to 10% of the dc zener current, IZ77, is superimposed on I77. 


Curves showing the variation of zener impedance with zener current 
for each series are given in Figure 4. A cathode-ray tube curve-trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 


NOTE 4: 

These graphs can be used to determine the maximum voltage change 
of any device in the series over any specific temperature range. For 
example, a temperature change from 0 to +50°C will cause a volt- 
age change no greater than +42 mV or -42 mV for 1N3154, as 
illustrated by the dashed lines in Figure 1. The boundaries given are 
maximum values. For greater resolution, expanded views of the 
shaded areas in Figures 1a and 2a are shown in Figures 1b and 2b 
respectively. 


NOTE 5: 


The maximum voltage change, Vz, in Figure 3 is due entirely to 
the impedance of the device. If both temperature and !77 are varied, 
then the total voltage change may be obtained by adding 4V7 in 
Figure 3 to the aV7 in Figure 1 or 2 for the device under considera- 


tion. If the device is to be Operated at some stable current other 


than the specified test current, a new set of characteristics may be 
plotted by superimposing the data in Figure 3 on Figure 1 or 2. 
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MOTOROLA 


1N3785 thru 1N3820 


1.5 WATTS 


ZENER DIODES 


ZENER DIODES 


Low silhouette single-ended package for printed circuit or 
socket mounting. Cathode connected to case. 


MAXIMUM RATINGS 


Junction and Storage Temperature: — 65°C to + 175°C. 
DC Power Dissipation: 1.5 Watts at 25°C Ambient. (Derate 10 mW/°C). 


STYLE 1: 
PIN 1. CATHODE 


The type numbers shown have a standard tolerance of + 20% on the 2 ANODE 


zener voltage. Standard tolerances of +10% and +5% on individual 
units are also available and are indicated by suffixing ‘‘A” for + 10% 
and “B”’ for +5% units to the standard type number. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, 
VF =1.5 V max @ 300 mA) 


Typical 
. Test Max Zener Impedance Zener 
Nominal Current Max DC Zener Voltage 


Zener Voltage @ Izt | ~—(IzT) 2ZT @ Izr|Zzx @ Iz Current Temp. Coeff. 
(V2) Volts Ohms Ohms %/°C 
1N3785 700 
700 


| 2.7 

1N3786 3.0 

| 1N3787 8. 700 
| 1N3788 ; 700 
1N3789 700 
1N3790 

1N3791 

1N3792 

1N3793 

1N3794 


“Vi — Test Voltage for 5% Tolerance Device. Vaz — Test Voltage for 10 % Tolerance Device. No Leakage Specified as 20% Tolerance Device. 
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1N3785 thru 1N3820 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, VF = 1.5 V max @ 300 mA) 


Reverse Leakage Current* 


Typical 


Test Max Zener Impedance Zener 
Nominal Current Max DC Zener Voltage 
Zener Voltage @ IZ7 (27) Current Temp. Coeff. 


(Vz) Volts (iz) mA %l°C 


Z7T @ IzT | 22K @ IzK IR Max Vai 
Ohms Ohms (uA) 
13 ’ 


1N3795 18 21 

1N3796 20 19 15 
1N3797 22 17 16 
1N3798 24 16 17 
1N3799 27 14 20 
1N3800 30 12 25 
1N3801 33 11 30 
1N3802 36 10 35 
1N3803 39 10 40 


1N3804 
1N3805 
1N3806 
1N3807 
1N3808 
1N3809 
1N3810 
1N3811 
1N3812 
1N3813 
1N3814 
1N3815 
1N3816 
1N3817 
1N3818 
1N3819 
1N3820 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 
1 — Nominal zener voltages between those shown. 
2 — Matched sets: (Standard Tolerances are +5.0%, +3.0%, +2.0%, + 1.0%) depending on voltage per device. 
a. Two or more units for series connection with specified tolerance on total voltage. Series matched sets make possible higher zener voltages and 
provide lower temperature coefficients, lower dynamic impedance and greater power handling ability. 
b. Two or more units matched to one another with any specified tolerance. 
3 — Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


45 
55 


NQaAanan#agdqaaa»nraaa»#»aqa»a»anaqaaaaan 


*VRi — Test Voltage for 5% Tolerance Device. Vp~o — Test Voltage for 10 % Tolerance Device. 
No Leakage Specified as 20% Tolerance Device. 
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1N3821 thru 1N3830 


(1M3.3AZ10 thru 1M7.5AZ10) 


1N3016 thru 1N3051 


SERIES 
(1M6.8Z thru 1M200Z) 


(AA) MOTOROLA 


Designers Data Sheet 


| ) | 1.0 WATT 
1.0 WATT METAL SILICON ZENER DIODES ZENER REGULATOR DIODES 


. a complete series of 1.0 Watt Zener Diodes with limits and 3.3—200 VOLTS 
operating characteristics that reflect the superior capabilities of 
| silicon-oxide-passivated junctions. All this in an axial-lead, metal 
| package offering protection in all common environmental conditions. 


© To 100 Watts Surge Rating @ 10 ms 
@ Maximum Limits Guaranteed on Five Electrical Parameters 
@ Power Capability to MIL-S- 19500 Specifications 


Designer’s Data for ‘Worst Case’’ Conditions 
The Designers Data sheets permit the design of most circuits entirely from the in- 
formation presented. Limit curves — representing boundaries on device characteris- 
tics — are given to facilitate ‘‘worst case’’ design. 


*MAXIMUM RATINGS 


OC Power Dissipation @ Ta = 25°C 
Derate above 25°C (See Figure 1) 


Operating and Storage Junction Ty, Tstg -65 to +175 sO 
Temperature Range 


Lead Temperature 230°C at a distance not less than 1/16” from the case for 10 seconds. 


MECHANICAL CHARACTERISTICS 


CASE: Welded, hermetically sealed metal and glass. 
DIMENSIONS: See outline drawing. 
FINISH: All! external surfaces are corrosion-resistant and leads are readily solderable 
and weidable. 
POLARITY: Cathode connected to the case. When operated in zener mode, cathode will 
be positive with respect to anode. 
WEIGHT: 1.4 Grams (approx) 
MOUNTING POSITION: Any 
. STYLE 1: 


PIN 1. CATHODE 
2. ANODE 


| FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 


i: (ee es 
L = LEAD LENGTH 
TO HEAT SINK 


Sai MILLIMETERS] INCHES | 
| MIN | MAX | | MAX | 


MIN 
| a_| 7.44 | 9.07 | 0.293 | 0.357 | 


ae 
Ati t 
eae 


BEC AY 
W 
an///A00008 


All JEDEC dimensions and notes apply 


CASE 52-03 
DO-13 
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nnuD, 
CY, 


NOTE: 
1. ALL RULES AND NOTES ASSOCIATED 


WITH DO-13 OUTLINE SHALL APPLY. 
TL, LEAD TEMPERATURE (°C) 


*tndicates JEDEC Registered Data. 


434 


1N3821 thru 1N3830, 1N3016 thru 1N3051 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Ve = 1.5 V max @ IF = 200 mA for all types 


*Nominal 


1N3821 
1N3822 
1N3823 
1N3824 


1N3825 
IN3826 
1N3827 
1N3828 


1N3829 
1N3830 


1N3016 
1N3017 


1N3018 
1N3019 
1N3020 
1N3021 


1N3022 
1N3023 
1N3024 
1N3025 


1N3026 
1N3027 
1N3028 
1N3029 


1N3030 
1N3031 
1N3032 
1N3033 


1N3034 
1N3035 
1N3036 
1N3037 


1N3038 
1N3039 
1N3040 
1N3041 


1N3042 
1N3043 
1N3044 
1N3045 
1N3046 


1N3047 
1N3048 
1N3049 
1N3050 
1N3051 


400 


500 
550 
600 
700 


*Max Zener Impedance Max Reverse Current 
(Note 4) (Note 5) 


JEDEC Zener Voltage *Test *Max DC Zener 
Type No. Vz2@lztT Current Current 
(Flangeless) Volts Zz1 @lz2t IR Max VRi VrR2 12m mA 


Sasa] Reser ay arin 
oojoooo0q; OoO000 


1.0 10 5. 
0.5 10 5. 
10 6. 
7.5 6. 
5. 7. 
5. 8. 
9 
9.9 


aANlooodooloo 
4s 
— 
PS 


* JEDEC Registered Data on 1N3821 thru 1N3830 and 1N3016 thru 1N3051 


NOTE 1 — TOLERANCE AND TYPE NUMBER DESIGNATION 


1N3821 thru 1N3830 — The JEDEC type numbers shown have a 
standard tolerance for the nominal zener voltage of +10%. A 
standard tolerance of +5% for individual units is also available and 
is indicated by adding suffix ‘‘A’’ to the standard type number. 


1N3016 thru 1N3051 — The JEDEC type numbers shown have a 
standard tolerance of +20% for the nominal zener voltage. Suffix 
“A” for +10% units or '’B”’ for +5% units. 


NOTE 2 — SPECIALS AVAILABLE INCLUDE: 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN AND TIGHTER VOLTAGE TOLER- 
ANCES: To designate units with zener voltages other than 
those assigned JEDEC numbers and/or tight voltage toler- 
ances (+3%, +2%, +1%), the Motorola type number should 


be used. 
1 M 5.1 A Zz 3 
| ai .- oe Tv at 
Device | af Nominal 1N3821 Zener Tolerance 
Description Motorola Voltage thru Diode (+%) 
1N3830 
only 


EXAMPLE 1M5.1AZ3 


(B) MATCHED SETS: (Standard Tolerances are +5.0%, +2.0%, 
+1.0%). 


Zener diodes are available in sets consisting of two or more 
matched devices. The method for specifying matched sets 
is similar to the one described in (A) except that two addi- 
tional suffixes are added to the code number described. 
These devices are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is marked 
with the same serial number, which is different for each 
set ordered. 


1 M 5 1 A 5 B 1 
ie oem: Tee 
‘ olts 1N3821 Overall 
Device : 
Description (each device) thru Tolerance Tolerance 
1N3830 device of set (+1%) 
Motorola only Pe ee 
+5% (omit for 
+20% units) 
Code 
A — Not used 
EXAMPLE 1M512Z5B1 B — Two devices in series 
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C — Three devices in series 
D — Four devices in series 


(C) ZENER CLIPPERS: (Standard Tolerance +10% and +5%). 


Special clipper diodes with opposing Zener junctions built 
into the device are available by using the following nomen- 


clature: 
1 M75 A z Z 10 
| Zener Clipper 
Motorola Diodes 
| 1N3821 Tolerance for each of 
Device Nominal — thru the two Zener voltages 
Description Voltage 1N3830 (not a matching require- 
only ment) 
Example: 1M7.5AZZ10 


NOTE 3 — ZENER VOLTAGE (Vz) MEASUREMENT 


Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (T,_) at 30°C + 1°C, 
3/8°’ from the diode body. 


NOTE 4 — ZENER IMPEDANCE (Zz) DERIVATION 


The zener impedance is derived from the 60 cycle ac voltage, 
which results when an ac current having an rms value equal to 10% 
of the dc zener current (I 77 or |Z) is superimposed on I7T or 17K. 


NOTE 5S — REVERSE LEAKAGE CURRENT Ip 


Reverse leakage currents are guaranteed only for 5% and 10% 
zener diodes and are measured at VR as shown in the Electrical 
Characteristics Table. 


NOTE 6 — MAXIMUM ZENER CURRENT RATINGS (I 29) 


1N3821 thru 1N3830 — Maximum zener current ratings are based 
on maximum voltage of 10% tolerance units. 


1N3016 thru 1N3051 — Maximum zener current ratings are based 
on maximum voltage of 5% tolerance units. 


NOTE 7 — SURGE CURRENT (i,) 


Surge current is specified as the maximum allowable peak, non- 
recurrent square-wave current with a specified pulse width, PW. 
The data presented in Figures 8 and 9 may be used to find the 
maximum surge current for a square wave of any pulse width 
between 0.01 ms and 1000 ms. 
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1N3821 thru 1N3830, 1N3016 thru 1N3051__— 


APPLICATION NOTE 


Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction tem- 
perature under any set of operating conditions in order to calculate 
its value. The following procedure is recommended: 


Lead Temperature, T,_, should be determined from: 
TL=9LaPotTa 


OLA is the lead-to-ambient thermal resistance (°C/W) and 
Pp is the power dissipation. The value for 0, a wil! vary 
and depends on the device mounting method. OLA is gen- 
erally: 30-40°C/W for the various clips and tie points in 
common use and for printed circuit board wiring. 


The temperature of the lead can also be measured using a thermo- 
couple placed on the lead as close as possible to the tie point. The 
thermal mass connected to the tie point is normally large enough 
so that it will not significantly respond to heat surges generated in 
the diode as a result of pulsed operation once steady-state condi- 
tions are achieved. Using the measured value of T;, the junction 
temperature may be determined by: 


Ty= TL +t ATyy 
OT yt is the increase in junction temperature above the lead 
temperature and may be found from Figure 6 for a train of 
power pulses (L. = 3/8 inch) or from Figure 7 for de power, 
AT5L = 95L Pp 
For worst-case design, using expected limits of iz, limits of Pp 
and the extremes of T j(4T 4) may be estimated. Changes in voltage, 
Vz, can then be found from: 


AV = O6yzATy 


Ov z, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. , 


‘Under high power-pulse operation, the zener voltage will vary 


‘with time and may also be affected significantly by the zener resist- 


ance. For best regulation, keep current excursions as low as possible. 

Data of Figure 6 should not be used to compute surge capability. 
Surge limitations are given in Figure 8. They are lower than would 
be expected by considering only junction temperature, as current 
crowding effects cause temperatures to be extremely high in small 


spots resulting in device degradation should the limits of Figure 8 
be exceeded. 


1N3821 thru 1N3830, 1N3016 thru 1N3051 


TEMPERATURE COEFFICIENTS AND VOLTAGE REGULATION 
(90% OF THE UNITS ARE IN THE RANGES INDICATED) 


FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS TO 12 VOLTS FOR UNITS 10 TO 220 VOLTS 
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FIGURE 4 — TYPICAL VOLTAGE REGULATION 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 


FIGURE 6 — TYPICAL THERMAL RESPONSE L, LEAD LENGTH = 3/8 INCH 
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FIGURE 7 — TYPICAL THERMAL RESISTANCE 
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FIGURE 8 — MAXIMUM NON-REPETITIVE SURGE CURRENT 
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1N3821 thru 1N3830, 1N3016 thru 1N3051 
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Vr, REVERSE VOLTAGE (VOLTS) 


1N3993 


thru MOTOROLA 
1N4000 


10 WATTS 


ZENER DIODES ZENER DIODES 


Low-voltage, alloy-junction zener diodes in hermetically sealed 
package with cathode connected to case. Supplied with mount- 
ing hardware. 


MAXIMUM RATINGS 


Junction and Storage Temperature: —65°C to + 175°C. 
DC Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 


The type numbers shown in the table have a standard tolerance on the 
nominal zener voltage of + 10%. A standard tolerance of +5% on in- 
dividual units is also available and is indicated by suffixing ‘‘A”’ to the 
standard type number. 


STYLE 1: 
TERM. 1. CATHODE 
2. ANODE 
STYLE 2: 
TERM 1. ANODE 


ELECTRICAL CHARACTERISTICS (Tp =30°C +3, 
VF =1.5 max @ IF =2 amp for all units) 


Nominal Max Reverse 
Zener Max Zener Impedance DC Zener | Leakage Current 
Voitage Current 
Volts Ohms on is ie 


1620 
1460 
1330 
1210 


2380 
2130. 
1940 
1780 


All JEDEC dimensions and notes apply © 


SPECIAL SELECTIONS AVAILABLE INCLUDE: (See Selector Guide for details) 


CASE 56 
DO-4 
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1N3993 thru 1N4000 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 

AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 

To designate units with zener voltages other than 

those assigned JEDEC numbers and/or tight voitage 

tolerances (+3%, +2%, +1%), the Motorola type 
number should be used. 


10 M 5.0 A Zz 3 
~T a a Take i Je 
Device Motorola Nominal Zener Tolerance 
Description Voltage Alloy Diode (+ %) 


Example: 10M5.0AZ3 


(B) MATCHED SETS: 
+2.0%, +1.0%). 

Zener diodes can be obtained in sets consisting of two 
or more matched devices. The method for specifying 
such matched sets is similar to the one described in (A) 
for specifying units with a special voltage and/or 
tolerance except that two extra suffixes are added to the 
code number described. 

These units are marked with code letters to identify the 
matched sets and, in addition, each unit in a set is 
marked with the same serial number, which is different 
for each set being ordered. 


(Standard Tolerances are +5.0%, 
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setae 
Description 
Motorola 


*Code: 
B — Two devices in series 
C — Three devices in series 
D — Four devices in series 


Example: 10M5.1AZ5B1 


(C) ZENER CLIPPERS: (Standard Tolerance +10% and 
+5%). 
Special clipper diodes with opposing Zener junctions 
built into the device are available by using the following 
nomenclature: 


5. ne Voits om 
(each device) Diodes 
Alloy 
Tolerance 


per device (+ 5%) 
(omit for + 20% units) 


sec 
Tolerance 
of set 
(+1%) 
Code* 


(A-Not used) 


10 M 4.7 A 
~T 
Device Nominal ne 
Description Voltage Diodes 
Motorola Alloy Clipper 


Tolerance for each of 
the two Zener volt- 
ages (not a matching 


Example: 10M4.7AZZ10 requirement) 


1N4099 thru 1N4135 


1N4614 thru 1N4627 MOTOROLA 


SILICON 
LOW-LEVEL SILICON PASSIVATED ZENER DIODES ZENER DIODES 


(+5.0% TOLERANCE) 


... designed for 250 mW applications requiring low leakage, low 


250 MILLIWATTS 
impedance, and low noise. 


1.8-100 VOLTS 


®@ Voltage Range from 1.8to 100 Volts __ : SILICON OXIDE 


@ First Zener Diode Series to Specify Noise — 50% Lower than PASSIVATED JUNCTION 
Conventional Diffused Zeners 


@ Zener Impedance and Zener Voltage Specified for Low-Level 
Operation at lzT = 250 uA 


@ Low Leakage Current — |p from0.01 to 10 wA over Voltage Range 


MAXIMUM RATINGS 


DC Power Dissipation @ Ta = 25°C 250 mW 
Derate above 25°C 1.43 mW/°C 
Junction and Storage Temperature Range Ty. Tstg | -65 to +200 °C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed, all-glass. 
DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are corrosion resistant and leads are readily solder- 
able and weldable. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 gram (approx.) 
MOUNTING POSITION: Any 


NOTES: 
1, PACKAGE CONTOUR OPTIONAL WITHIN A 

. AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANS! Y14.5, 1973. 


oy MULLIMETERS |_ICHES 
| MIN | MAX | MIN | MAX | 
| A | | 0.200_| 


[3.05 | 5.08 | 0.120 | 

|B | 1.52 | 2.29 | 0.060 | 0.090_| 
| 0.56 _| 0.018 | 
fe al 


POWER TEMPERATURE DERATING CURVE 
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All JEDEC dimensions and notes apply. 
CASE 299-02 
DO-204AH 

_(DO-35) 


Ta, AMBIENT TEMPERATURE (°C) 
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1N4099 thru 1N4135, 1N4614 thru 1N4627 


ELECTRICAL CHARACTERISTICS 
(At 25°C Ambient temperature unless otherwise specified) |z77 = 250 uA and Vg = 1.0 V max @ If = 200 mA on all Types 


Max Noise Density 
Nominal Max Zener Max _ Atlzz = 250 pA. 
Zener Voltage Impedance Reverse Np Max Zener Current 


Type Mg 22T Current (Fig 1) lzm 
Number (Note 1) (Note 2) ir (Note 4) '  (micro-volts per (Note 3) 
(Note 1) (Volts) (Ohms) Square Root Cycle) 


1N4614 
1N4615 
1N4616 
1N4617 
1N4618 
1N4619 
1N4620 
1N4621 
1N4622 
1N4623 
1N4624 
1N4625 
1N4626 
1N4627 
1N4099 
1N4100 
1N4101 
1N4102 
1N4103 
1N4104 
1N4105 
1N4106 
1N4107 
1N4108 
1N4109 
1N4110 
1N4111 
1N4112 
1N4113 
1N4114 
1N4115 
1N4116 
1N4117 
1N4118 
1N4119 
1N4120 
1N4121 
1N4122 
1N4123 
1N4124 
1N4125 
1N4126 
1N4127 
1N4128 
1N4129 
1N4130 
1N4131 
1N4132 
1N4133 
1N4134 
1N4135 


_= 
© 


NO 2 a @ we wo = = 2 = 
COO000DCCCOCS 


NOTE 1: TOLERANCE AND VOLTAGE DESIGNATION NOTE 3: MAXIMUM ZENER CURRENT RATINGS (171) 


The type numbers shown have a standard tolerance of +5.0% Maximum zener current ratings are based on maximum zener 
on the nominal zener voltage. voltage of the individual units. 


NOTE 2: ZENER IMPEDANCE (Z77) DERIVATION NOTE 4: REVERSE LEAKAGE CURRENT Ir 


The zener impedance is derived from the 60 cycle ac voltage, Reverse leakage currents are guaranteed and are measured at 
which results when an ac current having an rms value equal to 10% VR as shown on the table. 
of the dc zener current (Ilz7) is superimposed on !77. 
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1N4099 thru 1N4135, 1N4614 thru 1N4627 


ZENER NOISE DENSITY 


A zener diode generates noise when it is biased in the 
zener direction. A small part of this noise is due to the 
internal resistance associated with the device. A larger part 
of zener noise is a result of the zener breakdown phenom- 
enon and is called microplasma noise. This microplasma 
noise is generally considered “white” noise with equal 
amplitude for all frequencies from about zero cycles to 
approximately 200,000 cycles. To eliminate the higher 
frequency components of noise a small shunting capacitor 
can be used. The lower frequency noise generally must be 
tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the 
zener in many applications. __ 

Motorola is rating this series with a maximum noise 
density at 250 microamperes. The rating of microvolts 
RMS per square root cycle enables calculation of the 
maximum RMS noise for any bandwidth. 


Noise density decreases as zener current increases. This 
can be seen by the graph in Figure 2 where a typical noise 
density is plotted as a function of zener current. 

The junction temperature will also change the zener 
noise levels. Thus the noise rating must indicate band- 
width, current level and temperature. 

The block diagram given in Figure 1 shows the method 
used to measure noise density. The input voltage and load 
resistance is high so that the zener is driven from a con- 
stant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test 


zener. The filter bandpass is known so that the noise 
density in volts RMS per square root cycle can be 
calculated. 


FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD 
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FIGURE 2 — TYPICAL NOISE DENSITY versus ZENER CURRENT 
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FIGURE 4— TYPICAL FORWARD CHARACTERISTICS 
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FIGURE 3 — TYPICAL CAPACITANCE 
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1N4099 thru 1N4135, 1N4614 thru 1N4627 
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MOTOROLA 


LOW-LEVEL TEMPERATURE-COMPENSATED-. ppp = i 
| ZENER REFERENCE DIODES —s 1N4565 thru 1N4584 
Highly reliable reference sources Utilizing a nitride/oxide- . 1N4765 thru 1N4784 


passivated junction for long-term voltage stability. Glass construc- | ae REFERENCE DIODES 
tion provides a rugged, hermetically sealed structure. = 


@ Low Power Drain Devices een ed @ 0.5 mA, 1.0 mA, 2. 0 mA, 
and 4.0 mA 
@ Maximum Voltage Cha nge ppeen es over Test Temperature 
Range 
@ Temperature Compensation Guaranteed over Two Standard © | i ad as 
Operating Temperature Ranges: 
0 to 75°C 
-55 to 100°C 


LOW LEVEL 
TEMPERATURE-COMPENSATED 
ZENER 


MAXIMUM RATINGS 


DC Power Dissipation @ Ta = 50°C 
Derate above 50°C 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


CASE 51-02 
DO-204AA 
(D0-7) 


| All JEDEC dimensions and notes apply 
MECHANICAL CHARACTERISTICS 


1N4565 thru 1N4584 


CASE: Hermetically sealed, all-glass. 
DIMENSIONS: See outline drawing. aaceg: 
FINISH: All external surfaces are corrosion resistant and leads are readily solder- 1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. . 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILOUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


able and weldable. 
POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 gram (approx.) 
MOUNTING POSITION: Any 


CASE 299-02 
DO-204AH 
(DO-35) 


All JEDEC dimensions and notes apply. 
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1N4565 thru 1N4584, 1N4775 thru 1N4784, 1N4765 thru 1N4774 


1N4565 
1N4566 
1N4567 
1N4568 
1N4569 
1N4565A 
1N4566A 
1N4567A 
1N4568A 
1N4569A 


1N4570 
1N4571 
1N4572 
1N4573 
1N4574 
1N4570A 
1IN4571A 
1N4572A 
1N4573A 
1N4574A 


1N4575 
1N4576 
1N4577 
1N4578 
1N4579 
1N4575A 
1N4576A 
1N4577A 


1N4578A | 


1N4579A 


1N4580A 
1IN4581A 
1N4582A 
1N4583A 
1N4584A 


Temperature 


Test Temperature 
Coefficient 


Dynamic: 


Imped. 


for Reference Ohms 
%ob°C Max 
(Note 2) 


(Note 1) 


— 55, 0, 
+25, +75, 
+ 100 


— 55, 0, 
+25, +75, 
+100 


— 55, 0, 
+25, +75, 
+ 100 


NOTE 1: Voltage Variation (AVz) and Temperature Coefficient. 
All reference diodes are characterized by the “box method”. This guarantees a maximum voltage variation (AVzZ) over the specified 
temperature range, at the specified test current (lz7), verified by tests at indicated temperature points within the range. This method of 
indicating voltage stability is now used for JEDEC registration as well as for military qualification. The former method of indicating 
voltage stability— by means of temperature coefficient— accurately reflects the voltage deviation at the temperature extremes, but is 
not necessarily accurate within the temperature range because reference diodes have a noniinear temperature relationship. The 


temperature coefficient, therefore, is given only as a reference. 
NOTE 2: 


1N4775 
1N4776 
1N4777 
1N4778 
1N4779 
1N4775A 
1N4776A 
IN4777A 
1N4778A 
1N4779A 


1N4780 
1N4781 
1N4782 
1N4783 
1N4784 
1N4780A 
1N4781A 
1N4782A 
1N4783A 
1N4784A 


1N4765 
1N4766 
1N4767 
1N4768 
1N4769 
1N4765A 
1N4766A 
IN4767A 
1N4768A 
1N4769A 


1N4770 
1N4771 
1N4772 
1N4773 
1N4774 
1N4770A 
IN4771A 
1N4772A 
1N4773A 
1N4774A 


AVz @_ Test 
(Note 1) Temperature 


Temperature Dynamic 
Coefficient Imped. 
for Reference Ohms 
%l °C Max 
(Note 1) (Note 2) 


— 55, 0, 
+25, +75, 
+ 100 


— 55, 0, 
+25, +75, 
+ 100 


~ 55, 0, 
+25, +75, 
+ 100 


— 55, 0, 
+25, +75, 
+ 100 


The dynamic zener impedance, Z7T, is derived from the 60 Hz ac voltage drop which results when an ac current with an rms value equal 
to 10% of the de zener current, IzT is superimposed on IzT. A cathode-ray tube curve-trace test on a sample basis is used to ensure that 
the zener has a sharp and stable knee region. 
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1N4678 
thru 
1N4717 


ZENER REGULATOR DIODES 


Low level nitride passivated zener diodes for applications requiring 
extremely low operating currents, low leakage, and sharp break- 
down voltage. 


ZENER REGULATOR . ; 
DIODES @ Zener Voltage Specified @ I7T = 50 uA 


@ Maxi : 
250 MILLIWATTS aximum Delta Vz Given from 10 to 100 uA 


& 


ABSOLUTE MAXIMUM RATINGS 


Value | Unit _| 
mw 


DC Power Dissipation @ Ta = 50°C 
Derate above Tg = 50°C mWw/°C 


MECHANICAL CHARACTERISTICS 


CASE: Hermetically sealed al! glass case. 
DIMENSIONS: See outline drawing. 


FINISH: All external surfaces are corrosion resistant with readily 
solerable leads. 


POLARITY: Cathode end indicated by color band. When operated in zener 


region, the cathode end will be positive with respect to anode 
end. 


WEIGHT: 0.2 grams (approx.) 
MOUNTING POSITION: Any. 


NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 

FIGURE 1 — POWER TEMPERATURE DERATING CURVE AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


MILLIMETERS| INCHES | 
| MIN | MAX | MIN | MAX | 


|_ 8 | 1.52 | 2.29 | 0.060 | 0.090 | 
| D | 0.46 | 0.56 | 0.018 | 0.022 | 
| F | — | 1.27 | — | 0.050 | 
a |_K | 25.40 | 38.10 | 1.000 | 1.500 _ 


All JEDEC dimensions and notes apply. 


CASE 299-02 
DO-204 AH 


Pp(AV), AVERAGE POWER DISSIPATION (mW) 


Ta, AMBIENT TEMPERATURE (°C) 


1N4678 thru 1N4717 


ELECTRICAL CHARACTERISTICS (T, = 25°C, Vg = 1.5 V max at If = 100 mA for all types) 


Zener Voltage Maximum Test Maximum - Maximum 
Type VzZ@ Iz7 = 50uA Reverse Current Voltage Zener Current Voltage Change 
Number Volts ; IR uA VR Volts lzm mA AVz Volts 


(Note 1) [Nom (Now 1)| Min | Max (Note 3) “(Note 2) | (Note 4) 
1.8 of 


1N4678 1.890 
1N4679 ; 2.100 
1N4680 ; 2.310 
1N4681 ; 2.520 
1N4682 ; 2.835 


1N4683 ; 3.150 
1N4684 ; | 3.465 
1N4685 . 3.780, 
1N4686 4.095 
1N4687 4.515 


1N4688 4.935 
1N4689 5.355 
1N4690 5.880 
1N4691 : 6.510 
1N4692 7.140 


1N4693 . 7.875 
1N4694 : 8.610 
1N4695 9.135 
1N4696 . 9.555 
1N4697 10.50 


1N4698 | 11.55 
IN4699__.. 12.60 
1N4700 13.65 
1N4701 - 14.70 
1N4702 15.75 


1N4703° 16.80 
1N4704 17.85 
1N4705 18.90 
1N4706 ~ 19.95 
1N4707 21.00 


1N4708 23.10 
1N4709 25.20 
1N4710 26.25 
1N4711 28.35 
1N4712 29.40 


1N4713 31.50 
1N4714 34.65 
1N4715 37.80 
1N4716 40.95 
1N4717 45.15 


NOTES: 1. TOLERANCE AND VOLTAGE DESIGNATION (Vz) 
The type numbers shown have a standard tolerance of + 5% on the nominal Zener voltage. 
2. MAXIMUM ZENER CURRENT RATINGS (Ign) 
Maximum Zener current ratings are based on maximum Zener voltage of the individual units. 
3. REVERSE LEAKAGE CURRENT (ip) 
Reverse leakage currents are guaranteed and measured at Vp as shown on the table. 


4. MAXIMUM VOLTAGE CHANGE (AV7) . 
Voltage change is equal to the difference between Vz at 100 uA and Vz at 10 WA. 
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1N4728,A 


thru MOTOROLA 
1N4764,A ™) - 


Designers Data Sheet 


ONE WATT HERMETICALLY SEALED | | 1.0 WATT 
GLASS SILICON ZENER DIODES | ZENER REGULATOR DIODES 


3.3-100 VOLTS 
Complete Voltage Range — 3.3 to 100 Volts 


DO-41 Package — Smaller than Conventional DO-7 Package 
Double Slug Type Construction 

Metallurgically Bonded Construction 

Nitride Passivated Die 


Designer’s Data for “Worst Case’”’ Conditions 
The Designers Data sheets permit the design of most circuits 
entirely from the information presented. Limit curves — representing 
boundaries on device characteristics — are given to facilitate ‘‘worst 
case”’ design. 


———— RATINGS 


DC Power Dissipation @ Ta = fisting —__ 
Derate above 50°C a = mw/°Cc 


Operating and Storage Junction Ty Tstg ew to +200 °c 
Temperature Range 


MECHANICAL CHARACTERISTICS 


| CASE: Double slug type, hermetically sealed glass 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16” 
from case for 10 seconds 


FINISH: All external surfaces are corrosion resistant with readily solderable leads. 


POLARITY: Cathode indicated by color band. When Operated in zener mode, cathode 
will be positive with respect to anode. 


MOUNTING POSITION: Any 


FIGURE 1 — POWER TEMPERATURE DERATING CURVE 
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1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC 00-41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN “F” DIMENSION. 


Ty, LEAD TEMPERATURE (°C) 


* Indicates JEDEC Registered Data 


ie abate eR ae eR a 
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1N4728, A thru 1N4764, A 


*ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted) Ve = 1.2 V max, If = 200 mA for all types. 


Nomina! Zener Voltage Test 


1N4729 
1N4730 
1N4731 
1N4732 


1N4733 
1N4734 
1N4735 
1N4736 
1N4737 


1N4738 
1N4739 
1N4740 
1N4741 
1N4742 


1N4743 
1N4744 
IN4745 
1N4746 
1N4747 


1N4748 
1N4749 
1N4750 
1N4751 
1N4752 


1N4753 
1N4754 
1N4755 
1N4756 
1N4757 


1N4758 
1N4759 
1N4760 
1N4761 
1N4762 
1N4763 
1N4764 


*Indicates JEDEC Registered Data. 


NOTE 1 — Tolerance and Type Number Designation. The 
JEDEC type numbers fisted have a standard tolerance on the 
nominal zener voltage of +10%. A standard tolerance of +5% on 
individual units is also available and is indicated by suffixing ‘‘A”’ 
to the standard type number. 


NOTE 2 — Specials Available Include: 


A. Nominal zener voltages between the voltages shown and 
tighter voltage tolerances, 
B. Matched sets. 


For detailed information on price, availability, and delivery, 
contact your nearest Motorola representative. ; 


Maximum Zener Impedance (Note 4) Leakage Current 


JEDEC V2 @lztT Current Ta = 25°C 
Type No. Volts lz77 Zz7T @izt Ip VR ip -MA 
(Note 1) (Notes 2 and 3) Ohms uA Max Volts (Note 5) 
1N4728 10 


Surge Current @ 


Moo00j00000 


NOTE 3 — Zener Voltage (Vz) Measurement. Motorola 
guarantees the zener voitage when measured at 90 seconds while 
maintaining the lead temperature (T,) at 30°C + 1°C, 3/8” 
from the diode body. 

NOTE 4 — Zener Impedance (Zz) Derivation. The zener 
impedance is derived from the 60 cycle ac voltage, which results 
when an ac current having an rms value equal to 10% of the de 
zener current (!z7 or Iz) is superimposed on Iz7 or Ia. 

NOTE 5 — Surge Current (i,) Non-Repetitive. The rating listed 
in the electrical characteristics table is maximum peak, non- 
repetitive, reverse surge current of 1/2 square wave or equivalent 
sine wave pulse of 1/120 second duration superimposed on the 
test current, ly7, per JEDEC registration; however, actual device 
capability is as described in Figure 5. 


APPLICATION NOTE 


Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction 
temperature under any set of operating conditions in order to 
calculate its value. The following procedure is recommended: 

Lead Temperature, Ti_, should be determined from 


TL=9LAPpt+Ta 
6A is the lead-to-ambient thermal resistance (°C/W) and Pp is 
the power dissipation. The value for 6; a will vary and depends on 
the device mounting method. 61 « is generally 30 to 40°C/W for 
the various clips and tie points in common use and for printed 
circuit board wiring. 

The temperature of the lead can also be measured using a 
thermocouple placed on the lead as close as possible to the tie 
point. The thermal mass connected to the tie point is normally 
large enough so that it will not significantly respond to heat surges 
generated in the diode as a result of pulsed operation once steady- 
state conditions are achieved. Using the measured value of T,, 
the junction temperature may be determined by: 


TJ= TL t+ ATYL. 
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ATyt_ is the increase in junction temperature above the lead 
temperature and may be found as follows: 


ATJL = 9ILPD 

6 yy. may be determined from Figure 3 for dc power conditions. 
For worst-case design, using expected limits of 17, limits of Pp 
and the extremes of Ty(ATj) may be estimated. Changes in volt- 
age, Vz, can then be found from: 

AV =O0yZA4Ty 
6vz, the zener voltage temperature coefficient, is found from 
Figure 2. 

Under high power-pulse operation, the zener voltage will vary 
with time and may also be affected significantly by the zener 
resistance. For best regulation, keep current excursions as low 
as possible. 

Surge limitations are given in Figure 5,. They are lower than 
would be expected by considering only junction temperature, as 
current crowding effects cause temperatures to be extremely high 
in small spots resulting in device degradation should the limits 
of Figure 5 be exceeded. 


1N4728, A thru 1N4764, A 


FIGURE 2 — TEMPERATURE COEFFICIENTS 


(-55°C to + 150°C temperature range; 90% of the units are in the ranges indicated.) 


b.— RANGE FOR UNITS 12 TO 100 VOLTS 


a — RANGE FOR UNITS TO 12 VOLTS 
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FIGURE 4 — EFFECT OF ZENER CURRENT 


versus LEAD LENGTH 


_ CHANGES IN ZENER CURRENT DO NOT 
_ AFFECT TEMPERATURE COEFFICIENTS 
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FIGURE 5 — MAXIMUM SURGE POWER 
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This graph represents 90 percentile data points. 


For worst-case design characteristics, multiply surge power by 2/3. 
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1N4728, A thru 1N4764, A 


FIGURE 6 — EFFECT OF ZENER CURRENT FIGURE 7 — EFFECT OF ZENER VOLTAGE 
ON ZENER IMPEDANCE ON ZENER IMPEDANCE 
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TYPICAL LEAKAGE CURRENT 
AT 80° OF NOMINAL 
BREAKDOWN VOLTAGE 
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(MM) MOTOROLA 


1N5221 


thru aps Designe rs Data Sheet 


1N5272 


500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 


GLASS ZENER DIODES Complete Voltage Range — 2.4 to 110 Volts** 


500 MILLIWATTS | DO-35 Package — Smaller than Conventional DO-7 Package 
2.4-110 VOLTS 
Double Slug Type Construction 
Metallurgically Bonded Construction 


Nitride Passivated Die 
Designer’s Data for ‘“‘Worst Case” Conditions 


The Designer’s Data sheets permit the design of most circuits 
entirely from the information presented. Limit curves — representing 
boundaries on device characteristics — are given to facilitate ‘‘worst 
case”’ design. 


*MAXIMUM RATINGS 


Rating [Symbot_[ Vatu [Unit 


DC Power Dissipation @ T, < 75°C 
Lead Length = 3/8” 500 mw 
|  Derate above T1_ = 75°C 4.0 | mw/°c 


Operating and Storage Junction Temperature Range Ty, Tstg -65 to +200 


*Indicates JEDEC Registered Data 
**See 1N5273 thru 1N5281 for devices > 110 volts. 


MECHANICAL CHARACTERISTICS 


CASE: Double slug type, hermetically sealed glass 

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 
1/16” from case for 10 seconds 

FINISH: Ail external surfaces are corrosion resistant with readily solderable 
leads 

POLARITY: Cathode indicated by color band. When operated in zener mode, 

cathode will be positive with respect to anode 
MOUNTING POSITION: Any | 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 

2. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

3. POLARITY DENOTED BY CATHODE BAND. 

4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


MILLIMETERS| INCHES _| 


STEADY STATE POWER DERATING 


|B | 1.52 | 2.29 | 0.060 | 0.090_| 
0 | 0.46 | 0.56 | 0.018 | 0.022 | 
pF] — [1.27 | — | 0.050 | 
| K | 25.40 | 38.10 | 1.000 | 1.500_| 
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All JEDEC dimensions and notes apply. 
-_ CASE 299-02 
DO-204AH 
(DO-35) 


TL, LEAD TEMPERATURE (°C) 
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1N5221 thru 1N5272 | oe Pas 


ELECTRICAL CHARACTERISTICS 
(Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length = 3/8”; thermal resistance of heat sink 
= 30°C/W) VE = 1.1 max @ I = 200 mA for all types. 


Max Zener impedance Max Reverse Leakage Current 
Aand B Suffix only Aand B Suffix only | Non-Suffix | 


IR @ VR Used 
Z2T @ IzTt | ZzK @ IZzK = 0.25 mA 
Ohms 


Max Zener Voltage 
Temperature Coeff. 
(A and B Suffix only) 
Oyz (%/°C) 
(Note 3) | 


Nominal 
Zener Voltage 
Vz @ l2T 
Volts 
(Note 2) 


Test 
Current 


IZT 
mA 


JEDEC 
Type No. 
(Note 1) 


for Suffix A 
LA 


1N5221 30 
1N5222 30 
1N5223 30 
1N5224 30 


1N5225 29 


1N5226 28 
1N5227 24 
1N5228 23 
1N5229 22 


1N5230 
1N5231 


19 
17 


1N5232 11 
1N5233 7.0 
1N5234 7.0 


1N5235 
1N5236 


5.0 
6.0 


1N5237 8.0 
1N5238 8.0 
1N5239 10 


1N5240 
1N5241 


17 
22 


1N5242 — 30 
1N5243 13 
1N5244 15 


1N5245 
1N5246 


16 
17 


1N5247 19 
1N5248 21 
1N5249 23 


1N5250 
1N5251 


25 
29 


1N5252 33 
1N5253 35 
1N5254 41 


1N5255 
1N5256 


44 
49 


1N5257 58 
1N5258 70 
1N5259 80 


1N5260 


1N5261 
1N5262 
1N5263 
1N5264 
1N5265 


1N5266 
1N5267 
1N5268 
1N5269 
1N5270 

1N5271 

1N5272. 


93 


NOTE 1. Tolerance — The JEDEC type numbers shown indicate a _ NOTE 2. Special Selections? Available Include: 

tolerance of +10%j with guaranteed limits on only Vz, IR and Ve 1. Nominal zener voltages between those shown. 

as shown in the electrical characteristics table. Units with guaran- 2.Two or more units for series connection with specified 
teed limits on all six parameters are indicated by suffix ‘’A’’ for tolerance on total voltage. Series matched sets make zener voltages 


in excess of 200 volts possible as well as providing lower tempera- 
ture coefficients, lower dynamic impedance and greater power: 


+10% tolerance and suffix “’B” for + 5.0% units. 


tFor more information on special selections contact your nearest handling ability. 
Motorola representative. 3. Nominal voltages at non-standard test currents. 
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1N5221 thru 1N5272 


NOTE 3. Temperature Coefficient (@yz) — Test conditions for 
temperature coefficient are as follows: 
a. lzp = 7.5 mA, Tq = 25°C, | | 
T2 = 125°C (1N5221A,B through 1N5242A,B). 
b. lg7 = Rated Izz, T = 25°C, | 
T9 = 125°C (1N5243A,B through 1N5272A, B). 
Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 


NOTE 4. Zener Voltage (Vz) Measurement — Nominal zener 
voltage is measured with the device junction in thermal equilib- 
rium at the lead temperature of 30°C +1°C and 3/8" lead length. 


NOTE 5. Zener Impedance (Zz) Derivation — Zz7 and Zz are 


tion temperature, as current crowding effects cause 


- temperatures to be extremely high in small spots, result- 


measured by dividing the ac voltage drop across the device by the © 


ac current applied. The specified limits are for !z(ac) = |yz(de) 
with the ac frequency = 60 Hz. 


APPLICATION NOTE 


Since the actual voltage available from a given zener 
diode is temperature dependent, it is necessary to deter- 
mine junction temperature under any set of operating 
conditions in order to calculate its value. The following 
procedure is recommended: 

Lead Temperature, T;_, should be determined from: 


TL=O@LAPp + Ta. 

OLA is the lead-to-ambient thermal resistance (°C/W) and 
Pp is the power dissipation. The value for 6a will vary 
and depends on the device mounting method. 6. A is 
generally 30 to 40°9C/W for the various clips and tie 
points in common use and for printed circuit board 
wiring. 

The temperature of the lead can also be measured using 
a thermocouple placed on the lead as close as possible to 
the tie point. The thermal mass connected to the tie point 
is normally large enough so that it will not significantly 
respond to heat surges generated in the diode as a result 
of pulsed operation once steady-state conditions are 
achieved. Using the measured value of T;, the junction 
temperature may be determined by: 


TJ=TL+tAT YL. 


AT jL is the increase in junction temperature above 
the lead temperature and may be found from Figure 1 
for dc power: 


ATJL = 9JLPp. 
For worst-case design, using expected limits of I7, 
limits of Pp and the extremes of Ty(AT y) may be esti- 


_ mated. Changes in voltage, Vz, can then be found from: 


AV = 0yZATJ. 


Ovz, the zener voltage temperature coefficient, is found 
from Figures 3 and 4. 

Under high power-pulse operation, the zener voltage 
will vary with time and may also be affected significantly 
by the zener resistance. For best regulation, keep current 
excursions as low as possible. 

Surge limitations are given in Figure 6. They are 
lower than would be expected by considering only junc- 
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63,, JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W) 


Ip, LEAKAGE CURRENT (uA) 


ing in device degradation should the limits of Figure 6 
be exceeded. 


FIGURE 1 — TYPICAL THERMAL RESISTANCE 
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FIGURE 2 — TYPICAL LEAKAGE CURRENT 
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1N5221 thru 1N5272 


FIGURE 3 — TEMPERATURE COEFFICIENTS 
(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.) 


a — RANGE FOR UNITS TO 12 VOLTS 


b — RANGE FOR UNITS 12 TO 100 VOLTS 
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FIGURE 5 — TYPICAL CAPACITANCE 


FIGURE 4 — EFFECT OF ZENER CURRENT 
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FIGURE 6 — MAXIMUM SURGE POWER 
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This graph represents 90 percentil data points. 


For worst-case design characteristics, multiply surge power by 2/3. 
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1N5221 thru 1N5272 
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1N5221 thru 1N5272 


FIGURE 12 — ZENER VOLTAGE versus ZENER CURRENT — Vz =1 THRU 16 VOLTS 
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1N5273 


—— thru —_ | MOTOROLA 
— 1N5281 | 


Advance Information 


500 MILLIWATT 
ZENER REGULATOR 


500 MILLIWATT SURMETIC 20 SILICON ZENER DIODES 
(SILICON OXIDE PASSIVATED) 

... in answer to the Circuit Design and Component Engineers’ many 
requests — A complete new seri@és of Zener Diodes in the popular 
DO-204AA case with higher ratings, tighter limits, better operating 
characteristics and a full set of designers’ curves that reflect the 
superior capabilities of silicon-oxide-passivated junctions. All this in 
an axial-lead, transfer-molded plastic package offering protection 
in all common environmental conditions. 


Proven Capability to MIL-S-19500 Specifications 

10 Watt Surge Rating 

Weldable Leads . 
Maximum Limits Guaranteed on Six Electrical Parameters 


DIODES 


120-200 VOLTS 


MAXIMUM RATINGS 


DC Power Dissipation @ T,_ = 75°C, 
Lead Length = 3/8” 
| Derate above T,_ = 75°C 


Surge Power 
(Non-Recurrent Square Wave @ PW = 8.3 ms, 
Ty = 55°C) 
Operating and Storage Temperature Range 


| Lead Temperature not less than 1/16” from the case for 10 seconds: 230°C. 


MECHANICAL CHARACTERISTICS 


CASE: Void free, transfer molded, thermosetting plastic. 


FINISH: All external surfaces are corrosion resistant. Leads are readily solderable 
and weldabie. 


POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.18 gram (approximately). 


POWER TEMPERATURE DERATING CURVE 


L = Lead Length to Heat Sink 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIAB. - 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


a 
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All JEDEC dimensions and notes apply 
CASE 51-02 
DO-204AA 
(DO-7) 


Pp, MAXIMUM POWER DISSIPATION (WATTS) 
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Ti, LEAD TEMPERATURE (°C) 


This document contains information on a new product. Specifications and information herein 
are subject to change without notice. : 
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1N5273 thru 1N5281 


ELECTRICAL CHARACTERISTICS 


(Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; lead length = 3/8”; thermal resistance of heat sink = 


30°C/W). Ve = 1.1 max @ If = 200 mA for all types. 


Max Zener Impedance 
A and B Suffix Only 


Nominal 
Zener Voltage 
Vz @ lzt 
Volts 
(Notes 2 & 4) 


Test 
Current 


izT 
mA 


JEDEC 
Type No. 
(Note 1) 


1N5273 
1N5274 
1N5275 


1N5276 
1N5277 
1N5278 
1N5279 
1N5280 
1N5281 


NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION 

Tolerance Designation — The JEDEC type numbers shown 
indicate a tolerance of +10% with guaranteed limits on only Vz, 
IR, and Ve as shown in the above table. Units with guaranteed 
limits on all six parameters are indicated by suffix “A” for +10% 
tolerance and suffix ‘'B”’ for + 5.0% units. 

Non-Standard Voltage Designation — To designate units 
with zener voltages other than those assigned JEDEC numbers, the 
Motorola type number should be used. 


EXAMPLE 


0.5 M 
0.5 Watt ans 


Motorola 


=) 5.0 


90 z 
jen 
(+%) 
“‘Surmetic’’ 
Zener Diodes 


Nominal Voltage 
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Z27T @ izt i ZzK @ IzK = 0.25 mA 


Max Reverse Leakage Current 


A and B Suffix Only | Non-Suffix _| 


IR @ VR Used 
For Suffix A 
LA 


Max Zener Voltage 
Temperature Coefficient 
(A and B Suffix Only) 
O@yz (%/°C) 
(Note 3) 


NOTE 2. SPECIAL SELECTIONS AVAILABLE INCLUDE: 
1. Nominal zener voltages between those shown, 
2. Matched sets (standard tolerances are +5,0%, 
+ 1.0%). 

a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make zener voltages 
in excess of 200 volts possible as well as providing lower tempera- 
ture coefficients, lower dynamic impedance and greater power 
handling ability. 

b. Two or more units matched to one another with any 
specified tolerance. 

3. Tight voltage tolerances: 1.0%, 2.0%, 3.0%. 


+2.0%, 


NOTE 3. TEMPERATURE COEFFICIENT (6yz) 
Test conditions for temperature coefficient are as follows: 


lzz = Rated Izg7, T1 = 25°C, 
T2 = 125°C. 


Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 


NOTE 4. ZENER VOLTAGE (Vz) MEASUREMENT 

Motorola guarantees the zener voltage when measured at 90 
seconds while maintaining the lead temperature (T,) at 30°C 
+1°C, 3/8’' from the diode body. . 


~—1N5283- 


thru 7 nw ) 
1N5314 Cy sees 


CURRENT 
REGULATOR 


DIODES 


CURRENT REGULATOR DIODES 


Field-effect current regulator diodes are circuit elements that 
provide a current essentially independent of voltage. These 
diodes are especially designed for maximum impedance over 
the operating range. These devices may be used in parallel to | 
obtain higher currents. 


MAXIMUM RATINGS 


Rating 


| Peak Operating Voltage 
(Ty= —55° C to + 200°C) 


] Steady State Power Dissipation 
@ TL=75°C 
Derate above T, = 75°C 


Lead Length =3/8” 


; All JEDEC dimensions and notes apply 
(Forward or Reverse Bias) 


CASE 51 
DO-7 


Operating and Storage Junction Ty, Tstg -—55 to +200 
Temperature Range 

NOTES: | 

1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 


2. LEAD DIANOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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1N5283 thru 1N5314 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Minimum Minimum Maximum 
Regulator Current Dynamic Knee Limiting 
Ip (mA) @ V7 =25 V Impedance Impedance Voltage 
@ V7=25V @ VK =6.0V @ | =0.8 Ip (min) 
Zr (MQ) ZK (M2) Vi (Volts) 


1N5283 
1N5284 
1N5285 
1N5286 
1N5287 
1N5288 
1N5289 
1N5290 
1N5291 
1N5292 
1N5293 
1N5294 
1N5295 
1N5296 
1N5297 
1N5298 
1N5299 
1N5300 
1N5301 
1N5302 
1N5303 
1N5304 
1N5305 
1N5306 
1N5307 
1N5308 
1N5309 
1N5310 
1N5314 
1N5312 


1N5313 4.30 3.87 4.73 0.245 0.014 2.75 
1N5314 4.70 4.23 5.17 0.235 0.012 2.90 


4-63 


Ip, DIODE CURRENT (mA) 


lp, FORWARD DIODE CURRENT (mA) 


1N5283 thru 1N5314 


FIGURE 1 — TYPICAL CURRENT REGULATOR 
CHARACTERISTICS 


| meul | [wenen | Tt | 
ees ee ee 6 ee ee 
Pe ee ae ee 
ee ae a 
Cie ae (ee (pS! ie (a 
Fa es (Fa 
Ce ee 
eee Da ee rae 
—2 60 80 100 120 140 ~~ 160 
Vax, ANODE-CATHODE VOLTAGE (VOLTS) 


FORWARD 


FIGURE 2 — TYPICAL THERMAL RESISTANCE 


POINT OF LEAD TEMPERATURE 
MEASUREMENT 


L 


(MOST HEAT CONDUCTION IS 
THROUGH THE CATHODE LEAD) 


0 0.2 0.4 0.6 0.8 10 


64, JUNCTION-TO-LEAD THERMAL RESISTANCE (°C/W) 


L, LEAD LENGTH (INCHES) 


SYMBOLS AND DEFINITIONS 


Ip — Diode Current. 
I, — Limiting Current: 80% of |p minimum used to determine Limiting 
voitage, V,. 
lp — Pinch-off Current: Regulator current at specified Test Voltage, Vr. 
POV — Peak Operating Voltage: Maximum voltage to be applied to device. 
6, — Current Temperature Coefficient. 
Vax — Anode-to-cathode Voltage. 
Vx — Knee Impedance Test Voltage: Specified voltage used to establish 
Knee Impedance, Zx. 
Vi — Limiting Voltage: Measured at IL. Vi. together with Knee AC im- 
pedance, Zx, indicates the Knee characteristics of the device. 


Vr — Test Voltage: Voitage at which Ip and Z; are specified. 


Zx — Knee AC Impedance at Test Voltage: To test for Z,, a 90 Hz signal 
Vx with RMS value equal to 10 % of test voltage, Vx, is superimposed 
on Ve: 

Zk = = Vk / ik 
where ix is the resultant ac current due to Vx. 
To provide the most constant current from the diode, Zx should be 
as high as possible; therefore, a minimum value of Z, is specified. 

Z1 — AC Impedance at Test Voltage: Specified as a minimum value. To 
test for Zy, a 90 Hz signal with RMS value equa! to 10% of Test 
Voltage, Vr, is superimposed on Vy. 


APPLICATION NOTE 


As the current available from the diode is temperature dependent, it is 
necessary to determine junction temperature, Tj, under specific operating 
conditions to calculate the value of the diode current. The following 
procedure is recommended: 

Lead Temperature, T,, shall be determined from: 
=OMaPo+Ta 
where 4, is lead-to-ambient thermal resistance 
and Pp is power dissipation. 
fia iS generally 30-40°C/W for the various clips and tie points in 
common use, and for printed circuit-board wiring. 


Junction Temperature, Ty, shall be calculated from: 
Ty = Ty + Ou Po 
where 4), is taken from Figure 2. 

For circuit design limits of Vax, limits of Pp may be estimated and 
extremes of T; may be computed. Using the information on Figures 4 and 
5, changes in current may be found. To improve current regulation, keep 
Vax low to reduce Pp and keep the leads short, especially the cathode lead, 
to reduce @):. 


FIGURE 3 — TYPICAL FORWARD CHARACTERISTICS 
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1N5283 thru 1N5314 


FIGURE 4 — TEMPERATURE COEFFICIENT 
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8, TEMPERATURE COEFFICIENT (%/ °C) 
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FIGURE 5 — TEMPERATURE COEFFICIENT 


Ty = —55°C to +25°C 
Vax =25V 


4;, TEMPERATURE COEFFICIENT (%/ °C) 


Ip, NOMINAL PINCH-OFF CURRENT (mA) 


FIGURE 6 — CURRENT REGULATION FACTOR 
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dp; CURRENT CHANGE (mA) 


OVax = 40 V, Vax VARIED FROM 10 V to 50 V 
Llp= Ip @50V - lIp@10V 
Yo" LEAD LENGTH, A, = 30°C/W 


0.2 0.3 0.4 0.5 0.6 07 08 O09 1.0 . 2.0 3.0 4.0 5.0 


Ip, NOMINAL PINCH-OFF CURRENT (mA) 
*90% of the units will be in the ranges shown. 
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1N5333 
thru 
1N5388 


Designers Data Sheet 


| (MA) MOTOROLA 


5M3.3ZS10 thru 5M200ZS10 
1N5333A thru 1N5388A 


5.0 WATT SURMETIC 40 SILICON ZENER DIODES 5M3.3ZS5 thru 5M200ZS5 
| (SILICON OXIDE PASSIVATED) TNGSSSB thru INSS66E 


a complete series of 5.0 Watt Zener Diodes with tight 
limits and better operating characteristics that reflect the 5.0 WATT 
superior capabilities of silicon-oxide-passivated junctions. All < 
this in an axial-lead, transfer-molded plastic package offering ZENER REGULATOR DIODES 


protection in all common environmental conditions. | | 
® Up to 180 Watt Surge Rating @ 8.3 ms hag 
® Maximum Limits Guaranteed on Seven Eléctrical Parameters 


MAXIMUM RATINGS 


- Junction and Storage Temperature: -65 to + 200°C 
Lead Temperature not less than 1/16” from the case for 10 seconds: 


230 °C 


DC Power Dissipation: 5.0 W @ Ti =75°C, Lead Length = 3/8” 
(Derate 40 mW/°C above 75°C) 


MECHANICAL CHARACTERISTICS 


| CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant. Leads are 
| readily solderable 
| POLARITY: Cathode indicated by color band. When operated in zener 
| mode, cathode will be positive with respect to anode. 
| MOUNTING POSITION: Any 

WEIGHT: 0.7 gram (approx) 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 
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1N5333 thru 1N5388 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted, VF = 1.2 Max @ IF = 1.0 A for all types) 


Applies 
to all 
Suffix 


Max Reverse Leakage 
Current 


Max Zener impedance 
A & B Suffix Only 


Maximum 
Regulator 
Current 


IZM 


Nominal 
Zener 
Voltage 


27K @ Izx = 10mA 


Ohms Voltage mA 
Volts (Note 3) Regulation 
(Note 3) A Vz, Volts 
(Note 5) (Note 6) 


1N5333 
1N5334 
1N5335 
1N5336 
1N5337 
1N5338 
1N5339 
1N5340 
1N5341 
1N5342 
1N5343 
1N5344 
1N5345 
1N5346 
1N5347 
IN5348 
1N5349 
1N5350 
1N5351 
1N5352 
1N5353 
1N5354 
1N5355 
1N5356 
1N5357 
1N5358 
1N5359 
1N5360 
1N5361 
1N5362 
1N5363 
1N5364 
1N5365 
1N5366 
1N5367 
1N5368 
1N5369 
1N5370 
1N5371 
1N5372 
1N5373 
1N5374 
1N5375 
1N5376 
1N5377 
1N5378 
1N5379 
1N5380 
1N5381 
1N5382 
1N5383 
1N5384 
1N5385 
1N5386 
1N5387 
1N5388 
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1N5333 thru 1N5388 


NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION 


TOLERANCE DESIGNATION — The JEDEC type numbers shown 
indicate a tolerance of +20% with guaranteed limits on only Vz, IR, 
ir, and Ve as shown in the electrical characteristics table. Units 
with guaranteed limits on all seven parameters are indicated by 
suffix ’‘A’’ for +10% tolerance and suffix ‘‘B’’ for +5.0% units. 


NOTE 2 — SPECIALS AVAILABLE INCLUDE: 


(A) NOMINAL ZENER VOLTAGES BETWEEN THE VOLT- 
AGES SHOWN AND TIGHTER VOLTAGE TOLERANCES: 
To designate units with zener voltages other than those 
assigned JEDEC numbers and/or tight voltage tolerances 
(43%, +2%, +1%), the Mfg. type number should be used. 


5 ™M 90 Zz S 3 
Device | Nominal Hes Tolerance 
Description Voltage (+%) 
Manufacturer Zener ‘‘Surmetic’”’ 
Diode 
Example: 5M90ZS3 | 
(B) MATCHED SETS: (Standard Tolerances are +5.0%, +2.0%, 


+1.0%). 


Zener diodes can be obtained in sets consisting of two. or more 
matched devices. The method for specifying such matched 
sets is similar to the one described in (A) for specifying units 
with a special voltage and/or tolerance except that two extra 
suffixes are added to the code number described. 


These units are marked with code letters to identify the 
matched sets and,in addition, each unit in a set is marked 
with the same serial number, which is different for each set 
being ordered. 


5 M 5 1 Z § 5 B 1 
a2 a 
Device 51 Volts Overall 
Description (each device) | ‘“Surmetic”’ Tolerance 
; Manufacturer Zener » of set 
“Code: Diodes... cumrance (1%) 


RS dad sth per device (+5%) 
B — Two devices in series ’ (omit for +20% units) —- Code* 


C — Three devices in series (A-Not used) 
D— Four devices in series oe 
Example: 5M51ZS5B1 


(C) ZENER CLIPPERS: (Standard Tolerance +10% and +5%). 


Special clipper diodes with opposing Zener junctions built 
into the device are available. by using the following nomen 
clature: 


5 M | 20, Z Z 10 
Wee i 
Device Nominal | Tolerance for each of 
Description Voltage Clipper the two Zener voltages 
Zener (not a matching require- 
t 
Manufacturer Diodes acne 
Example: 5M20Z2Z10 


NOTE 3 — ZENER VOLTAGE (Vz) AND IMPEDANCE 
(Z77 & ZZK) 


Test conditions for Zener voltage and impedance are as follows: — 
Iz is applied 40 + 10 ms prior to reading. Mounting contacts are 
located 3/8"’ to 1/2” from the inside edge of mounting clips to 


the body of the diode. (Ta = 25°C *8 °c). 


NOTE 4 — SURGE CURRENT (ir) 


Surge current is specified as the maximum allowable peak, non- 
recurrent square-wave current with a pulse width,PW, of 8.3 ms. - 
The data given in Figure 6 may be used to find the maximum 
surge current for a square wave of any pulse width between 1.0 
ms and 1000 ms by plotting the applicable points on logarithmic 
paper. Examples of this, using the 3.3 V and 200 V zeners, are 
shown in Figure 7. Mounting contact located as soecified in 


Note 3. (Ta = 25°C *8°c), 


NOTE 5 — VOLTAGE REGULATION (AVzZ) 


Test conditions for voltage regulation are as follows: Vz meas 
urements are made at 10% and then at 50% of the |z7 max value 
listed in the electrical characteristics table. The test currents are 
the same for the 5% and 10% tolerance devices. The test current 
time duration for each Vz measurement is 40+ 10 ms. (Ta = 


.e) 
25°C . C). Mounting contact located as specified in Note 3. 


NOTE 6 — MAXIMUM REGULATOR CURRENT (Iz) 


The maximum current shown is based on the maximum voltage 
of a 5% type unit, therefore, it applies only to the B-suffix 
device. The actual I7\q for any device may not.exceed the 
value of 5.0 watts divided by the actual VZ of the device. 
TL = 75 C at 3/8’ maximum from the device body. 


TEMPERATURE COEFFICIENTS 


FIGURE 3 — TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 10 TO 220 VOLTS ~ 


FIGURE 2 — TEMPERATURE COEFFICIENT-RANGE 
FOR UNITS 3.0 TO 10 VOLTS | 


—OVzZ, TEMPERATURE COEFFICIENT 
(mV/°C) @ IzT 
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. .Vz, ZENER VOLTAGE @ I77 (VOLTS) 


per OU ES er {ft 
2 200 — 
oO 
100 = Bee 
Ca a 
a= amet He es 
oN -_ reas 
we 50 = Pelee 
qe ae rt 

Se 2 Vi = oo 
a f 
= wat Lae 
bt TI — Perea] 

. ae ee | oo 
~ a a ae aaa 
S80 os aes 

0 20 40 60 80 100 120 140 160 180 2 


: 00 220° 
Vz, ZENER VOLTAGE @ !7t7 (VOLTS) e 


4-68 


1N5333 thru 1N5388 


FIGURE 4 — TYPICAL THERMAL RESPONSE 
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FIGURE 5 — TYPICAL THERMAL RESISTANCE 


. | t 
PRIMARY PATH OF 
CONDUCTION 1S THROUGH 
THE CATHODE LEAD 


63, JUNCTION-TO-LEAD THERMAL RESISTANCE 


0.6 
L, LEAD LENGTH TO HEAT SINK (INCH) 
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APPLICATION NOTE 


Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction temp- 
erature under any set of operating conditions, in order to calculate its 
value. The following procedure is recommended: 


Lead Temperature, T,_, should be determined from: 
TL=9LA Po+Ta 

OLA is the lead-to-ambient thermal resistance and Pp is the 

power dissipation. 

Junction Temperature, Ty, may be found from: 
Ty=TLtAT yi 

AT 3, is the increase in junction temperature above the lead 


temperature and may be found from Figure 4 for a train of 
power pulses or from Figure 5 for dc power. 


AT yt = 95 Pp 


For worst-case design, using expected limits of !7, limits of Pp 
and the extremes of T y(AT y) may be estimated. Changes in voltage, 
Vz, can then be found from: 

NV = Ovyz AT y 


Ovz, the zener voltage temperature coefficient, is found from 
Figures 2 and 3. 


Under high power-pulse operation, the zener voltage will vary with 
time and may also be affected significantly by the zener resistance. 
For best regulation, keep current excursions as low as possible. 


FIGURE 6 — MAXIMUM NON-REPETITIVE SURGE 


CURRENT versus NOMINAL ZENER VOLTAGE 
(See Note 4) 
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FIGURE 7 — PEAK SURGE CURRENT 


versus PULSE WIDTH 
(See Note 4) 
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100 
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Data of Figure 4 should not be used to,compute surge capability. 
Surge limitations are given in Figure 6. They are lower than would 
be expected by considering only junction temperature, as current 
_crowding effects cause temperatures to be extremely high in small 
spots resulting in device degradation should the limits of Figure 6 
be exceeded. 
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1N5518A, B 


thru (AA) MOTOROLA 


1N5546A,B 


LOW VOLTAGE AVALANCHE SILICON OXIDE 
PASSIVATED ZENER REGULATOR DIODES — 


Highly reliable silicon regulators utilizing an oxide-passivated 
junction for long-term voltage stability. Double slug construction 
provides a rugged, glass-enclosed, hermetically seaied structure. 


Low Zener Noise Specified 

Low Maximum Regulation Factor 
Low Zener Impedance 

Low Leakage Current 

Controlled Forward Characteristics 


Temperature Range: -65 to + 200°C 


MAXIMUM RATINGS 


DC Power Dissipation @ T, = 50°C» 
Derate above 50°C _. 
DC Power Dissipation @ T_ = 50°C 


Lead Length = 1/8” 
Derate above 50°C (Figure 1) 


MECHANICAL CHARACTERISTICS 
CASE: Hermetically sealed, all-glass 
DIMENSIONS: See outline drawing. 


FINISH: All externa! surfaces are corrosion resistant and leads are 
readily solderable and weldablie. 


POLARITY: Cathode indicated by polarity band. 
WEIGHT: 0.2 Gram (approx) 
MOUNTING POSITION: Any 


FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 
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Ti, LEAD TEMPERATURE (°C) 
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LOW VOLTAGE AVALANCHE 


ZENER DIODES 


400 MILLIWATTS 
-3.3 THRU 33 VOLTS 


NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN A 


AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF B. 


. LEAD DIAMETER NOT CONTROLLED IN 


ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 


. POLARITY DENOTED BY CATHODE BAND. 
. DIMENSIONING AND TOLERANCING PER 


ANSI Y14.5, 1973. 


Fal MILLIMETERS] INCHES | 
| MIN | MAX | MIN | MAX | 


All JEDEC dimensions and notes apply. 


CASE 299-02 
DO-204 AH 


1N5518A, B thru 1N5546A, B 


(Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; 
Ve = 1.1 Max @ I¢ = 200 mA for all types) 


ELECTRICAL CHARACTERISTICS 


B-C-D Suffix 
B-C-D Suffix Max Noise Density 
Nominal Max Zener !mpedance Max Reverse Leakage Current Maximum atlz = 250 uA Regulation 
Zener Voltage Test B-C-D Suffix DC Zener Current Np Factor 
JEDEC Vz2@lzr Current Z2T @lztr IR lam (Figure 1) . AV2 
Type No. Volts Ohms pAde Non & A- | B-C-D mAdc (micro-volts per Volts 
(Note 1) (Note 2) (Note 3) (Note 4) Suffix Suffix. (Note 5) square root cycle) (Note 6) 
1N5518A 26 115 
1N5519A 24 105 
1N5520A 22 98 
1N5521A 18 88 
1N5522A 22 81 
1N5523A 26 76 
1N5524A 30 68 
1N5525A 30 61 
1N5526A <-¢) 56 
IN5527A 35 51 
1N5528A 40 46 
1N5529A 45 42 
1N5530A 60 38 
1N5531A 80 35 
1N5532A 90 32 
1N5533A 29 
1N5534A 27 
1N5535A 25 
1N5536A 24 
1N5537A 22 
1N5538A 21 
1N5539A 20 
1N5540A 19 
IN5541A 17 
1N5542A 16 
15 
14 
13 
12 


NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION NOTE 4 — REVERSE LEAKAGE CURRENT (IR) 


The JEDEC type numbers shown are + 10% with guaranteed limits Reverse leakage currents are guaranteed and are measured at Va 

for Vz, IR, and Vf. Units with guaranteed limits for all six parameters as shown on the table. 

are indicated by a “’B”’ suffix for +5.0% units, “C’’ suffix for +2.0% 

and “D" suffix for + 1.0%. NOTE 5 — MAXIMUM REGULATOR CURRENT (tz) 
NOTE 2 — ZENER VOLTAGE (Vz) MEASUREMENT The maximum current shown is based on the maximum voitage 


of a 5.0% type unit, therefore, it applies only to the ‘‘B”’ suffix 


Nominal zener voltage is measured with the device junction in device. The actual |z,y for any device may not exceed the value 


thermal equilibrium with ambient temperature of 25°C. of 400 milliwatts divided by the actual Vz of the device. 

NOTE 3 — ZENER IMPEDANCE (Zz) DERIVATION NOTE 6 — MAXIMUM REGULATION FACTOR (AV72) 
The zener impedance is derived from the 60 Hz ac voltage, which AV7z is the maximum difference between Vz at Izjt and Vz 
results when an ac current having an rms value equai to 10% of at 17, measured with the device junction in thermal equilibrium. 


the dc zener current (177) is superimposed on I7r. 
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1N5518A, B thru 1N5546A, B > 


ZENER NOISE 


A zener diode generates noise when it is biased in the zener direc- 
tion. A small part of this noise is due to the internal resistance asso- 
ciated with the device. A larger part of zener noise is a result of the 
zener breakdown phenomenon and is called microplasma noise. 
To eliminate the higher frequency components of noise a small 
shunting capacitor can be used. The lower frequency noise generally 
must be tolerated since a capacitor required to eliminate the lower 
frequencies would degrade the regulation properties of the zener in 
many applications. 

Motorola is rating this series with a maximum noise density at 
250 microamperes, a bandwidth of 2.0 kHz and a center frequency 
of 2.0 kHz. 


DENSITY 


Noise density decreases as zener current increases. The junction 
temperature will also change the zener noise levels, thus the noise 
rating must indicate frequency, bandwidth, current level and 
temperature. 

The block diagram shown in Figure 2 represents the method used 
to measure noise density. The input voltage and load resistance is 
high so that the zener is driven from a constant current source. The 
amplifier must be low noise so that the amplifier noise is negligible 
compared to the test zener. The filter frequency and bandpass is 
known so that the noise density in volts RMS per square root cycle 
can be calculated. 


FIGURE 2 — NOISE DENSITY MEASUREMENT METHOD 


AMMETER LOAD AMPLIFIER 


RESISTOR 


+@© 


51k 
aii TEST ZENER 


NOISE DENSITY (VOLTS PER SQUARE ROOT BANDWIDTH) = 


FILTER 
fo = 2.0 kHz 
f, = 1.0 kHz 
fz = 3.0 kHz 
BW = 2.0 kHz 


Vout 
OVERALL GAIN V BW 


WHERE: BW = FILTER BANDWIDTH (Hz) 
Vout = OUTPUT NOISE (VOLTS RMS) 


FIGURE 3 — TYPICAL CAPACITANCE 
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FIGURE 4 — TYPICAL FORWARD CHARACTERISTICS | 
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Vz, ZENER VOLTAGE (VOLTS) 


1N5518A, B thru 1N5546A, B 


FIGURE 5 — ZENER DIODE CHARACTERISTICS AND SYMBOL IDENTIFICATION 
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1N5908 | 


1N6373/ICTE-5, C 
MPTE-5, C 
thru 
1N6389/ICTE-45, C 
MPTE-45, C 


1N6267, N1.5KEG.8, A 
thru 
1N6303, A/1.5KE200, A 


(S) MOTOROLA 


ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR 


Mosorb devices are designed to protect voltage sensitive compo- 
nents from high voltage, high energy transients. They have excellent 
clamping capability, high surge capability, low zener impedance and 
fast response time. These devices are Motorola's exclusive, cost- 
effective, highly reliable Surmetic axial leaded package and are 
ideally-suited for use in communication systems, numerical con- 
trols, process controls, medical equipment, business machines, 
power supplies and many other industrial/consumer applications, 
to protect CMOS, MOS and Bipolar integrated circuits. 


-MOSORBS 
ZENER OVERVOLTAGE 
TRANSIENT SUPPRESSORS 


5.0-200 VOLT 
1500 WATT PEAK POWER 
5.0 WATTS STEADY STATE 


SPECIFICATION FEATURES 

@ Standard Voitage Range — 5.0 to 200 V 

@ Peak Power — 1500 Watts @ 1.0 ms 

@ Maximum Clamp Voltage @ Peak Pulse Current 
@ Low Leakage < 5.0 vA above 10 V 

@ Standard Back to Back Versions Available 


MAXIMUM RATINGS 


Peak Power Dissipation (1) 
@T, < 25°C 


Steady State Power Dissipation 
@ T, < 75°C, Lead Length = 3/8" 
Derated above T= 75°C 


Forward Surge Current (2) 
@ Ta = 25°C 


Operating and Storage Temperature Range 


Lead Temperature not less than 1/16” from the case for 10 seconds: eG 


MECHANICAL CHARACTERISTICS 


CASE: Void-free, transfer-moided, thermosetting plastic 
FINISH: Al! external surfaces are corrosion resistant and leads are readily solderable 
and weldable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, 
will be positive with respect to anode 
MOUNTING POSITION: Any 


NOTE: 
1, LEAD FINISH AND DIA 
UNCONTROLLED IN 


NOTES: 1. Nonrepetitive Current Pulse per Figure 4 and Derated above 
Ta = 25°C per Figure 2. 
2. 1/2 Square Wave (or equivalent), PW =8.3 ms, 
Duty Cycle = 4 Pulses per minute maximum. 


TK [aoe] - [1.100] 
CASE 41-11 
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1N5908 thru 1N6389, 1N6267 thru 1N6303 


"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) Ve# = 3.5 V max, Ip** = 100A 


Clamping Voitage 


Peak Pulse Peak Pulse 


Breakdown Maximum 


Voltage Maximum Reverse Maximum Reverse Voltage Current @ Current @ 
VBA @ Ir Stand-Off Voltage Reverse Leakage @ Ingsm+=120A 
(Volts) (mA) Vawnm*** @ Vawm (Clamping Voltage) 
Min (Volts) Ip (uA) Vaso (Volts) 


rinssos [so [10 [so +i imo 


ELECTRICAL CHARACTERISTIC (Tp = 25°C unless otherwise noted) Ve# = 3.5 V max, Ip** = 100 A) (C suffix denotes standard back to back versions. 
Test both polarities) 


Maximum Maximum Reverse 
Breakdown Reverse Maximum Reverse Voltage Peak Pulse Peak Pulse 
Voltage Stand-Off Reverse Surge @ IRsmi+ Current @ Current @ 
VBR @ Ir Voitage Leakage Current (Clamping [1pp14=1.0A 
JEDEC Volts (mA) Vrawnm**"| @VrRwem iRSMt+ Voltage) Vci 
Device Device Min Ee (Volts) Im (uA) (Amps) VrasmlVolts) | (Volts max) 
1N6373 ICTE-5/MPTE-5 1.0 7.4 7.6 
= ICTE-5C/MPTE-5C 1.0 8.1 8.3 
1N6374 ICTE-8/MPTE-8 1.0 11.3 11.5 
1N6382_ | ICTE-8C/MPTE-8C 11.4 11.6 
1N6375 | ICTE-10/MPTE-10 13.7 14.1 
1N6383 ICTE-10C/MPTE-10C 14.1 14.5 
1N6376 ICTE-12/MPTE-12 16.1 16.5 
1N6384 ICTE-12C/MPTE-12C 16.7 17.1 
1N6377 ICTE-15/MPTE-15 20.1 20.6 
1N6385 ICTE-15C/MPTE-15C 20.8 21.4 
1N6378 ICTE-18/MPTE-18 24.2 25.2 
1N6386 ICTE-18C/MPTE-18C 24.8 25.5 
1N6379 ICTE-22/MPTE-22 29.8 32.0 
1N6387 ICTE-22C/MPTE-22C 30.8 32.0 
1N6380 ICTE-36/MPTE-26 50.6 54.3 
1N6388 ICTE-36C/MPTE-36C 50.6 54.3 
1N6381 ICTE-45/MPTE-45 63.3 70.0 
1N6389 ICTE-45C/MPTE-45C 63.3 70.0 
Maximum 
Reverse 
Working Maximum Voltage 
Peak Maximum Reverse @Iirgsm Maximum 
Breakdown Voltage | Reverse Reverse Surge (Clamping Temperature 
@ Ir Voltage Leakage Current Voltage) Coefficient 
JEDEC : Volts (mA) VRWM @ Vawm IRSM VRsm of Vgr 
Device Device | Min | sam (Volts) Im (uA) lamp (Volts) (%/°C) 
1N6267 1.5KE6.8 10 10.8 
1N6267A 1.5KE6.8A 10.5 
1N6268 — 1.5KE7.5 11.7 
1N6268A 1.5KE7.5A 11.3 
1N6269 1. 5KE8.2 12.5 
1N6269A 1.5KE8.2A 12.1 
1N6270 1.5KE9.1 13.80 
1N6270A 1.5KE9.1A 13.4 
1N6271 1.5KE10 15.0 
IN6271A 1.5KE10A 14.5 
1N6272 1.5KE11 16.2 
1N6272A 1.5KE11A 15.6 
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*ELECTRICAL CHARACTERISTICS (Continued) 


JEDEC 
Device 


1N6273 
1N6273A 
1N6274— 
1N6274A 


1N6275 
1N6275A 
1N6276 
1N6276A 


1N6277 
1N6277A 
1N6278 
1N6278A 


1N6279 
1N6279A 
1N6280 
1N6280A 


1N6281 
IN6281A 
1N6282 
1N6282A 


1N6283 
1N6283A 
1N6284 
1N6284A 


1N6285 


‘IN6285A 


1N6286 
1N6286A 


: 1N6287 
| 1N6287A 


1N6288 
1N6288A 


1N6289 
1N6289A 
1N6290 
1N6290A 


1N6291 
1N6291A 
1N6292 
1N6292A 


1N6293 
1N6293A 
1N6294 
1N6294A 


1N6295 | 
1N6295A 
1N6296 

1N6296A 


| 1N6297_ 


1N6297A 
1N6298 


1N6298A 


1N6299 
1N6299A 
1N6300 
1N6300A 


Device 


1.5KE12 
SKE12A 
SKE13 


12.4 


1.5KE15 
1.5KE15A 
1.5KE16 
1.5KE16A 


1.5KE18 
1.5KE18A 
1.5KE20 
1.5KE20A 


SKE22 
SKE2Z2A 
5KE24 
SSKE24A 


5SKE27 
SKE27A 
.SKE30 
SKE30A 


5KE33 
5BKE33A 
5KE36 
SKE36A 


SKE39 
SKE39A 
5KE43 
SKE43A 


SKE47 
SKE47A 
5KE51 
SKESIA 


SKE56 
.5KE56 
SKE62 
SKE62A 


| 1. 5KE68 


SKE68A 
SKE75 
SKE75A 


SKE8B2 
SKE8B2A 
.SKE91 
SKEQIA 


5KE100 © 


SKE1O0A 
.5KE110 
.5KE110A 


1.5KE120 
.SKE120A 
.5KE130 


1.5KE130A 


.5KE150 
.5KE150A 
.5KE160 
.SKE160A 


Breakdown Voltag 


e 


1N5908 thru 1N6389, 1N6267 thru 1N6303 


Working 
Peak 
Reverse 
Voltage 


VRWM 
(Volts) 
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Maximum 
Reverse 
Leakage 

@ VRwM 

IR (uA) 


Maximum 
Reverse 
Surge 
Current 


IRSMt 
(Amps) 


Maximum 
Reverse 


' Voltage | 


@ IRsm 


(Clampling 


Voltage) 


VRSM 
(Volts) 


Maximum 


Temperature 


Coefficient 
of Ver 
(%/°C) 


1N5908 thru 1N6389, 1N6267 thru 1N6303 


*ELECTRICAL CHARACTERISTICS (Continued) 


Maximum 
Reverse 


Working Maximum Voltage 
Peak Maximum Reverse @Irsm Maximum 
Breakdown Voltage Reverse Reverse Surge (Clampling Temperature 
Voltage Leakage Current Voltage) Coefficient 


JEDEC VRWM @ VRwM IRSMt+ VRSM of VBR 


Device i | Min | Nom | Max | (Volts) Ip (uA) (Amps) (Volts) (%/°C) 


1N6301 1.5KE170 
IN6301A 1.5KE170A 
1N6302 1.5KE180 
1N6302A 1.5KE180A 


1N6303 1.5KE200 
1N6303A 1.5KE200A 


tSurge Current Waveform per Figure 4 and Derate per Figure 2. 

*Indicates JEDEC Registered Data. 

**1/2 Square Equivalent Sine Wave, PW = 8.3 ms, Duty Cycle = 4 Pulses per Minute maximum. 

***A Transient Suppressor is normally selected according to the maximum reverse stand-off voltage (Vayypy), which should be equal to or greater than the dc 
or continuous peak operating voltage level. 

#Ve applies to Non-C suffix devices only. 

C suffix denotes standard back-to-back versions. Test both polarities. 


To order clipper-bidirectional device in 1N6267 series, add a ’’C”’ suffix to 1.5KE device title, i.e., 1.5KE7.5C or 1.5KE7.5CA. 


FIGURE 1 — PULSE RATING CURVE FIGURE 2 — PULSE DERATING CURVE 
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1N5908 thru 1N6389, 1N6267 thru 1N6303 


Pp, STEADY STATE POWER DISSIPATION (WATTS) 


lz, ZENER CURRENT (AMPS) 


_ FIGURE 4 — STEADY STATE POWER DERATING 
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Ti, LEAD TEMPERATURE (°C) 


VALUE (%) 


FIGURE 5 — PULSE WAVEFORM 


Pulse Width (tp) is defined 
as that point where the peak 
current decays to 50% 


t, TIME (ms) | 


FIGURE 6 — DYNAMIC IMPEDANCE 
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1N6389, ICTE-45, C, MPTE-45, C 
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1N6267, A/1.5KE6.8, A 
thru 
1N6303, A/1.5KE200, A 
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AV7z, INSTANTANEOUS INCREASE IN Vz ABOVE Vz(Nom) (VOLTS) 


1N5908 thru 1N6389, 1N6267 thru 1N6303 


APPLICATION NOTES 
SPECIAL DEVICES 
Matched sets and back-to-back configurations for 
bidirectional applications can be ordered upon special 
request. Contact your nearest Motorola representative. 


RESPONSE TIME 


In most applications, the transient suppressor device 
is placed tn parallel with the equipment or component 
to be protected. In this situation, there is a time delay 
associated with the capacitance of the device and an 
overshoot condition associated with the inductance of 
the device and the inductance of the connection method. 
The capacitive effect is of minor importance in the parallel 
protection scheme because it only produces a time delay 
in the transition from the operating voltage to the clamp 
voltage as shown in Figure A. 

The inductive effects in the device are due to actual 


turn-on time (time required for the device to go from zero 
current to full current) and lead inductance. This induc- 
tive effect produces an overshoot in the voltage across 
the equipment or component being protected as shown 
in Figure B. Minimizing this overshoot is very important 
in the application, since the main purpose for adding 
a transient Suppressor is to clamp voltage spikes. These 
devices have excellent response time, typically in the 
picosecond range and negligible inductance. However, 
external inductive effects could produce unacceptable 
overshoot. Proper circuit layout, minimum lead lengths 
and placing the suppressor device as close as possible 
to the equipment or components to be protected will 
minimize this overshoot. 

Some input impedance represented by Zjn is essential 
to prevent overstress of the protection device. This impe- 
dance should be as high as possible, without restricting 
the circuit operation. 


TYPICAL PROTECTION CIRCUIT 


Vin 


Vin (Transient) 


VL 


ifs) 
tp = Time Delay Due to Capacitive Effect 


FIGUREA 


VL 


Vin (Transient) 


aa 


Overshoot Due to 
inductive Effects 


FIGURE B 
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IN5913A 
thru MOTOROLA 
IN5956A = a set 


1.5 WATT SURMETIC 30 : 
SILICON ZENER DIODES : Td 1.5 WATTS 


| ZENER DIODES 
bo . . A complete line of 1.5-Watt Zener Diodes offering the following | 

| advantages: | 3.3 — 200 VOLTS 
Complete Voltage Range — 3.3 to 200 Volts 

DO-41 Package — Smaller than Conventional Metal Devices 


Double Slug Type Construction — Mobile Particle Problem 
Eliminated 


Metallurgically Bonded Construction 
@ JEDEC Registered Parameters 
Oxide Passivated Diode 


*MAXIMUM RATINGS 


ee a 


DC Power Dissipation @ T,_ = 75°C, | Watts 
Lead Length = 3/8” 
Derate above 75°C mw/°c |. 
Operating and Storage Junction Ty.Tstg | -55 to +200 %% 
Temperature Range 
*Indicates JEDEC Registered Data. 
| MECHANICAL CHARACTERISTICS 


CASE: Double slug type, surmetic 30 void-free, transfer-molded, thermosetting-plastic 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16” from 
case for 10 seconds 


FINISH: All external surfaces are corrosion resistant with readily solderable leads 


POLARITY: Cathode indicated by color band. When operated in zener mode, cathode will 
be positive with respect to anode. 


| MOUNTING POSITION: Any 


FIGURE 1 — STEADY STATE POWER DERATING 


‘MOTES: 


1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC DO-41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN “F” DIMENSION. 
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60 | 120 
TL, LEAD TEMPERATURE (°C) 


1N5913A thru 1N5956A 


*ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted. Ve= 1.5 Volts Max @ Ig = 200 mAdc for al! types.) 


Nominal Max. Zener Impedance Maximum DC 


Max. Reverse 
Leakage Current 


Motorola Zener Voitage Test 
Type Vz2@lzr Current 

Number Volts lar 

(Note 1) (Note 2) mA 


1N5913A 
1N5914A 
1N5915A 
1N5916A 
1N5917A 
1N5918A 
1N5919A 
1N5920A 
1N5921A 
1N5922A 
1N5923A 
1N5924A 
1N5925A 
1N5926A 
1N5927A 
1N5928A 
1N5929A 
1N5930A 
1N5931A 
1N5932A 
1N5933A 
1N5934A 
1N5935A 
1N5936A 
1N5937A 
1N5938A 
1N5939A 
1N5940A 
1N5941A 
1N5942A 
1N5943A 
1N5944A 
1N5945A 
1N5946A 
1N5947A 
1N5948A 
1N5949A 
1N5950A 
1N5951A 
1N5952A 
1N5953A 
1N5954A 
1N5955A 
1N5956A 


*Indicates JEDEC Registered Data. 


NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION 


Tolerance designation — Device tolerances of + 10% are indicated by an 
“A” suffix, +5% by a “B” suffix, +2% by a “C” suffix, +1% by a “’D” 
suffix. 


Non-Standard voltage designation — To designate units with zener 
voltagés other than those assigned the Motorola type number 
should be used. 
EXAMPLE: 

mM 2 9 4 _ #0 A. 
Motorola Zener Series Nominal Voltage Tolerance 
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NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE: 


(a) Nominal zener voltages between those shown. 
(b) Matched sets: (Standard Tolerances are +5.0%, +2.0%, + 1.0%) 
a. Two or more units for series connection with specified 
tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 
providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability. , 
b. Two or more units matched to one another with any 
specified tolerance. 


1N5913A thru 1N5956A 


TYPICAL CHARACTERISTICS 


TEMPERATURE COEFFICIENTS (-55°C to +150°C temperature range) 


FIGURE 2 — ZENER VOLTAGE — TO 12 VOLTS 


Pe daaiies 3— ZENER VOLTAGE — 14 TO 200 VOLTS 
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FIGURE 4 — EFFECT OF ZENER CURRENT | 


N 
| 
be 
Ey 
al 
ok 


I2(dc) = 1.0 mA 


z 
Ty = 25°C 
iZ (rms) 


a oe ee Ed 


0.1 12Z(dc) 


— 


iZ(rms) 


500 


He g 
c=] 


N 

o 
Oh Ramen © £2 AS Ge OO a A El | ad 
OD OS A Oe ee 
ot soa 


SWH 


oO 


OR ae 1A A ee 
LR ETA AREER QILGHan " 


) JONVO3dWI DINVNAG ‘ZZ 


Vz, ZENER VOLTAGE (VOLTS) 


Iz, ZENER ee ainacit (mA) 


4-82 


1N5985A 


(AA) MOTOROLA thru 
1N6025A 


500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 


500 MILLIWATT 
GLASS ZENER DIODES 


...A complete line of 500 mW Zener Diodes offering the following 2.4-110 VOLTS 


advantages: 


Complete Voltage Range — 2.4 to 110 Volts 

DO-35 Package — Smaller than Conventional DO-7 Package 
Double Slug Type Construction 

Metallurgically Bonded Construction 

JEDEC Registered 

Oxide Passivated Die 


*MAXIMUM RATINGS 


DC Power Dissipation @ T, < 50°C, 
Lead Length = 3/8” 
Derate above 50°C 3.33 mw/2c 


Operating and Storage Junction Ty Tstg -55 to +200 2G 
Temperature Range 

*Indicates JEDEC Registered Data. 

MECHANICAL CHARACTERISTICS 


CASE: Double slug type, hermetically sealed glass 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 1/16” 
from case for 10 seconds 


FINISH: All external surfaces are corrosion resistant with readily solderable leads. 


POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 


MOUNTING POSITION: Any 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN A 
AND B. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT 
NOT SUBJECT TO THE MINIMUM LIMIT 
OF 8B. 

. LEAD DIAMETER NOT CONTROLLED IN 
ZONE F TO ALLOW FOR FLASH, LEAD 
FINISH BUILDUP AND MINOR IRREGU- 
LARITIES OTHER THAN HEAT SLUGS. 

. POLARITY DENOTED BY CATHODE BAND. 

. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1973. 


- MILLIMETERS| INCHES | 
[min | MAX | MIN | MAX | 
TA | 3.05 | 5.08 | 

YB | 1.52 | 2.29 | 
| DT 
| F 
| KI 


FIGURE 1 — STEADY STATE POWER DERATING 


| 0.46 | 0.56 | 
Y — | 1.27 | — | 0.050 | 
25.40 | 38.10 | | 1.500. | 


All JEDEC dimensions and notes apply. 
CASE 299-02 
DO-204AH 
(DO-35) 
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TL, LEAD TEMPERATURE (°C) 
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1N5985A thru 1N6025A 


*ELECTRICAL CHARACTERISTICS (T, = 30°C unless otherwise noted.) (Ve = 1.5 Volts Max @ I = 100 mAdc for all types.) 


1N5985A 
1N5986A 
1N5987A 
1N5988A 
1N5989A 
1N5990A 
1N5991A 
TN5992A 
1N5993A 
1N5994A 
1N5995A 
IN5996A 
1N5997A 
1N5998A 
1N5999A 
1N6000A 
1N6001A 
1N6002A 
1N6003A 
1N6004A 
1N6005A 
IN6006A 
1N6007A 
1N6008A 
1N6009A 
1N6010A 
IN6011A 
1N6012A 
1N6013A 
1N6014A 
1N6015A 
1N6016A 
1N6017A 
1N6018A 
1N6019A 

1N6020A 

1N6021A 

1N6022A 

1N6023A 

1N6024A 
- 1N6025A 


*\Indicates JEDEC Registered Data. 


NOTE 1 — TOLERANCE AND VOLTAGE DESIGNATION 
Tolerance designation — Device tolerances of +10% are indicated 
by an “A” suffix, +5% by a ’B” suffix, +2% by a "C” suffix, +1% 
by a “D” suffix. . 

Non-Standard voltage designation — To designate units with zener 
voltages other than those assigned the Motorola type number 
should be used. 
EXAMPLE: M Zz G 35 6.0 A 


eee ee — — 


| | | | _ | j 
Motorola Zener Giass Series Nominal Voltage Tolerance 
+% 
NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE: ' . 
(a) Nominal Zener voltages between those shown. 
(b) Matched sets: (Standard Tolerances are +5.0%, +2.0%, +1.0%) 
a. Two or more units for series connection with specified 


Max. Zener Impedance (Note 4) © 
22K @ 'IzK= 


. IR @ VR 
Ohms 0.25 mA «BA volts 


Motorola Zener Voltage Test Ohms 
Type V2 @l2r Current 

Number Volts l7T 

(Note 1) (Note 2) mA 


Max. Reverse Leakage Current 


tolerance on total voltage. Series matched sets make 
zener voltages in excess of 200 volts possible as well as 
providing lower temperature coefficients, lower dynamic 
impedance and greater power handling ability 
b. Two or more units matched to one another with any 
specified tolerance. 
NOTE 3: 
This data was calculated using nominal voltages. !n order to 
determine the maximum current handling capability on a worst 


case basis the following formula must be used: 
500 mW 
lam (worst case) = ———_--___-___—__- 
Vz(nom) + tolerance 
NOTE 4: . 
2ztT and ZZK are measured by dividing the ac voltage drop 
across the device by the ac current applied. The specified limits 


are for |y(ac) = 0.1 |z(dc) with the ac frequency = 1.0 kHz. 
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1N5985A thru 1N6025A 


TYPICAL CHARACTERISTICS 


TEMPERATURE COEFFICIENTS (-55°C to +150°C temperature range) 


FIGURE 2B — ZENER VOLTAGE 12 to 200 VOLTS 


FIGURE 2A — ZENER VOLTAGE 2.4 to 12 VOLTS 
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FIGURE 3 — EFFECT OF ZENER CURRENT ON ZENER IMPEDANCE 
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FIGURE 4 — EFFECT OF ZENER VOLTAGE ON ZENER IMPEDANCE 
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(S) MOTOROLA 


CURRENT LIMITING DIODES 
Field-effect current limiting diodes designed for applications re- 


quiring a current reference or a constant current over a specified 
MCL1300 voltage range. 


thru CURRENT-LIMITER CHARACTERISTICS AND SYMBOL IDENTIFICATION 


MCL1304 TTT 


CURRENT LIMITING 
DIODES 


CURRENT (mA) 


Junction and Storage Temperature: —65°C to + 200°C 
Peak Operating Voltage: See Table 


Peak 
| | Nominal : Limiting | Operating 
Pinch-Off : k Voltage Voltage 
Current | Note 5 Note 6 
Note 1 : . | Vi. (max) Vpo 


Ip (mA) (Volts) | (Volts) 


MCL1300 
MCL1301 
MCL1302 
MCL1303 
MCL1304 


These specifications are preliminary. Selections may be made to “obtain 
nominal currents between those shown, as well as tighter tolerance units. 


SYMBOL DEFINITIONS: 

NOTE 1 = Ip - The pinch-off current is the guaranteed current at a specified Vr. 
Ip is specified as a nominal with a tolerance. 

NOTE 2 Vr - The test voitage for measurement of Ip. 

NOTE 3 Zr7 - The impedance at the test voltage, V7, specified. To provide the 
most constant current Z7 should be as high as possible; thus a 
minimum Zy is specified. ZT is derived from the 90 cycle per sec- 
ond current which results when an AC voitage having an RMS 
value equal to 10% of the test voltage (V7) is superimposed on 
VT. 

2x - Knee impedance is specified as a minimum also since again the 
highest value is desired. Vq is established as 6.0 V for con- 
venience. -* 

VL - Limiting Voltage. This specification is provided with Zx to in- 
dicate the sharp knee of the device. The specification is 

7 analogous to Ip and Zx of a zener diode. Vi a maximum specifi- 

cation is measured at 80% on Ip tolerance. 

NOTE 6 Vpo - The peak-operating voltage is provided and indicates the max- 
imum voltage to be applied to the device. The specification is 
necessary since the device is either power limited or breakdown 
limited beyond this specified voltage. 


All JEDEC dimensions and notes apply 


CASE 51 
DO-7 


NOTES: 

1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2, LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 
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(AA) MOTOROLA 


500 MILLIWATT HERMETICALLY SEALED 
GLASS SILICON ZENER DIODES 


@ Complete Voltage Range — 2.4 to 91 Volts 


@ Leadless Package for Surface Mount Technology 
@ Double Slug Type Construction 

@ Metallurgically Bonded Construction 

@ Nitride Passivated Die 


MAXIMUM RATINGS 


ee ee 
DC Power Dissipation @ Ta < 50°C 500 mw 
Derate above Ta = 50°C 3.3 mW/°C 
Operating and Storage Junction Ty. Tstg | -65 to +200 oC 
Temperature Range 
MECHANICAL CHARACTERISTICS 
CASE: Double slug type, hermetically sealed glass 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 230°C, 
for 10 seconds 


FINISH: All external surfaces are corrosion resistant and readily solderable 


POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode 


MOUNTING POSITION: Any 


STEADY STATE POWER DERATING 
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MLL4728 thru MLL4764 
See 1N4728 thru 1N4764 
Data Sheet for 

Electrical Characteristics 
See Page 4-50 


MLL5221 
thru 
MLL5270 


LEADLESS 
GLASS ZENER DIODES 


500 MILLIWATTS 
2.4-110 VOLTS 


MLL5221 thru MLL5270 


ELECTRICAL CHARACTERISTICS 
(Ta = 25°C unless otherwise noted. Based on dc measurements at thermal equilibrium; 
case temperature maintained at 30+2°C. Ve = 1.1 max @ If = 200 mA for all types.) 


"Max Zener Impedance Max Reverse Leakage Current 
Nominal Test A and B Suffix only A and B Suffix only| _Non-Suffix 
Zener Voltage 


Max Zener Voltage 
Temperature Coeff. 


{note 1 ) | Vz @lzt ee IR @ Vp Used | (A and B Suffix only) 
Volts |} mA | 2zT @ zt | 2zK @ IzK = 0.25 mA for Suffix A 6vz (%/°C) 
(Note 2) Ohms Ohms ; (Note 3) 
MLL5221 20 30 
MLL5222 20 30 
MLL5223 20 30 
MLL5224 20 30 
MLL5225 20 29 
MLL5226 20 28 
MLL5227 20 24 
MLL5228 20 23 
MLL5229 20 22 
MLL5230 20 19 
MLL5231 5.1 20 17 
MLL5232 5.6 20 11 
MLL5233 6.0 20 7.0 
MLL5234 6.2 20 7.0 
MLL5235 6.8 20 5.0 
MLL5236 7.5 20 6.0 
MLL5237 8.2 20° 8.0 
MLL5238 8.7 20 8.0 
MLL5239 9.1 20 10 
MLL5240 10 20 17 
MLL5241 11 20 22 
MLL5242 12 20 30 
MLL5243 13 9.5 13 
MLL5244 14 9.0 15 
MLL5245 15 8.5 16 
MLL5246 16 7.8 17 
MLL5247 17 7.4 19 
MLL5248 18 7.0. 21 
MLL5249 19 6.6 23 
MLL5250 20 6.2 25 
MLL5251 22 5.6 29 
MLL5252 24 5.2 33 
MLL5253 25 5.0 35 
MLL5254 27 46 4] 
MLL5255 28 45 44 
MLL5256 30 4.2 49 
MLL5257 33 3.8 58 
MLL5258 36 3.4 70 
MLL5259 39 3.2 80 
MLL5260 43 3.0 93 
MLL5261 A7 2.7 105 
MLL5262 51 2.5 125 
MLL5263 56 2.2 150 
MLL5264 60 2.1 170 
MLL5265 62 2.0 185 
MLL5266 68 1.8 230 
MLL5267 75 1.7 270 
MLL5268 | 82 1.5 330 
MLL5269 | ~=— 87 1.4 370 
1.4 400 


MLL5270 91 
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MLL5221 thru MLL5270 


NOTE 1. Tolerance — The type numbers shown indicate a tol- 
erance of +20% with guaranteed limits on only Vz, Ip and Vf as 
shown in the electrical characteristics table. Units with guaran- 
teed limits on all six parameters are indicated by suffix ‘‘A’’ for 
+10% tolerance and Suffix “°B’’ for +5.0% units. 


NOTE 2. Special Selectionst Available Include: 

1. Nominal zener voltages between those shown. 

2. Two or more units for series connection with specified tol- 
erance on total voltage. Series matched sets make zener volt- 
ages in excess of 200 volts possible as well as providing lower 
temperature coefficients, lower dynamic impedance and greater 
power handling ability. . 

3. Nominal voltages at non-standard test currents. 


NOTE 3. Temperature Coefficient (9yz) — Test conditions for 
temperature coefficient are as follows: 
a. Izv = 7.5 mA, Ty = 25°C, 
T9 = 125°C (MLL5221A,B through MLL5242A,B). 
b. Izv = Rated. IzT, Ty = 25°C, 
T2 = 125°C (MLL5243A, B through MLL5270A,B). 
Device to be temperature stabilized with current applied prior to 
reading breakdown voltage at the specified ambient temperature. 


NOTE 4. Zener Voltage (Vz) Measurement — Nominal zener 
voltage is measured with the device junction in thermal equilib- 
rium at the case temperature of 30°C +1°C. 


NOTE 5. Zener Impedance (27) Derivation — ZzT and 27x are 
measured by dividing the ac voltage drop across the device by 
the ac current applied. The specified limits are for lz(ac) = 0.1 x 
I7(dc) with the ac frequency = 1.0 kHz. 


+ For more information on special selections contact your nearest Motorola 
representative. 


APPLICATION NOTE 


Since the actual voltage available from a given zener diode is 
temperature dependent, it is necessary to determine junction 
temperature under any set of operating conditions in order to 
calculate its value. The following procedure is recommended: 

Case Temperature, Tc, should be determined from: 


Tc = O8CAPD + Ta. 
Aca is the case-to-ambient thermal resistance (°C/W) and Pp 
is the power dissipation. The value for 6c, will vary and depends 
on the device mounting method. 8c, is generally 200°C /W for 
the various clips and tie points in common use and for printed 
circuit board wiring. 

The temperature of the case can also be measured using a 
thermocouple placed at the case end as close as possible to the 
tie point. The thermal mass connected to the tie point is nor- 
mally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed opera- 
tion once steady-state conditions are achieved. Using the mea- 


sured value of Jc, the junction temperature may be determined 


by: 

Ty = Tce + ATyc. 
ATjc is the increase in junction temperature above the case 
temperature and may be found by using: 


ATyc = 4JcPp. 
For worst-case design, using expected limits of 17, limits of Pp 


and the extremes of Tj(\TJj) may be estimated. Changes in volt- 
age, Vz, can then be found from: 


AV = AYZATY. 
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Ayz, the zener voltage temperature coefficient, is found from 
Figures 3 and 4. 
Under high power-pulse operation, the zener voltage will vary 


with time and may also be affected significantly by the zener 


resistance. For best regulation, keep current excursions as low 
as possible. 

Surge limitations are given in Figure 6. They are lower than 
would be expected by considering only junction temperature, as 
current crowding effects cause temperatures to be extremely 
high in small spots, resulting in device degradation should the 
limits of Figure 6 be exceeded. 


FIGURE 1 — TYPICAL LEAKAGE CURRENT 


AT Vp AS STATED FOR 
5.0% UNITS (2.4 V-20 V) 
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FIGURE 2 — TYPICAL LEAKAGE CURRENT 


Vz, NOMINAL ZENER VOLTAGE (VOLTS) 
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MLL5221 thru MLL5270 


FIGURE 3 — TEMPERATURE COEFFICIENTS 


(-55°C to +150°C temperature range; 90% of the units are in the ranges indicated.) 


a — RANGE FOR UNITS TO 12 VOLTS 


b — RANGE ron UNITS 12 TO 100 VOLTS 
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FIGURE 4 — EFFECT OF ZENER CURRENT 


FIGURE 5 — TYPICAL CAPACITANCE 
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CHANGES IN ZENER CURRENT DO NOT 
AFFECT TEMPERATURE COEFFICIENTS 
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FIGURE 6 — MAXIMUM SURGE POWER 
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This graph represents 90 percentil data points. 


For worst-case design characteristics, multiply surge power by 2/3. 
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MLL5221 thru MLL5270 


27, DYNAMIC IMPEDANCE (OHMS) 
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FIGURE 7 — EFFECT OF ZENER CURRENT 
ON ZENER IMPEDANCE 
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FIGURE 9 — TYPICAL NOISE DENSITY _ 
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FIGURE 8 — EFFECT OF ZENER VOLTAGE 
ON ZENER IMPEDANCE 
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FIGURE 10 — NOISE DENSITY MEASUREMENT METHOD 


Load Amplifier 


Resistor 


Filter 


51k 


Ammeter fg = 2.0 kHz 
DC Power Test : si 1.0 kHz 
Supply Zener o es 3.0 kHz 


BW = 2.0 kHz 


Noise Density Vout 
(Volts Per Square Root Bandwidth) = Overall Gain Vew 


Where: BW 
Vout 


Filter Bandwidth (Hz) 
Output Noise (Voits RMS) 


ou 


The input voltage and load resistance are high so that the zener 
diode is driven from a constant current source. The amplifier is 
low noise so that the amplifier noise is negligible compared to 
that of the test zener. The filter bandpass is known so that the 
noise density can be calculated from the formula shown. 


FIGURE 11 — TYPICAL FORWARD CHARACTERISTICS 
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MLL5221 thru MLL5270 


FIGURE 12 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 1 THRU 16 VOLTS 
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FIGURE 14 — ZENER VOLTAGE versus ZENER CURRENT — Vz = 30 THRU 105 VOLTS 
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(AA) MOTOROLA 


MPZ5-16 Series 


MPZ5-32 Series 
MPZ5-180 Series 


SILICON POWER TRANSIENT SUPPRESSOR SILICON POWER 


TRANSIENT SUPPRESSOR 

designed for applications requiring protection of voltage 

sensitive electronic devices in danger of destruction by high energy 

voltage transients. Individual cells are matched ‘to insure current- 
sharing under high current pulse conditions. 


Peak Surge Power Capacity Given From 0.1 ms To 10 Seconds 
Low Clamping Factor Assures Low Voltage Overshoot 


e 

@ 

@ Negligible Power Loss 

@ Small Size and Weight 

@ Following Variations are Available: 
— Non-Standard Voltages 
— Higher Power Capacity 


— Other Package Configurations 


MAXIMUM RATINGS 


Transient Power Dissipation: 40 kW 

Pulse Width: 0.1ms, (See Figure 1) 

DC Power Dissipation: 350 Watts @ To = 25°C 
(Derate 2.33 W/°C above 25°C) 

Operating Junction & Storage Temperature Range: 
— 65°C to +175°C 


om MILLIMETERS INCHES 
P MIN [MAX [ MIN [ MAX | 


5131 | 1980 | 2.020 | 
Bae {seer | 1480 | 1520 
| =~ {16.51 | = | 0.650 | 
9 [2078 [21-01] O79 [0827 | 

297 | 34s] 0115, 


MECHANICAL CHARACTERISTICS 


| H | 3.56 | 4.06 | 0.140 | 
|S | 10.06 [10.57 | 0.396 [0.416 | 


| L {46.74 [47.74 | 1.840 | 1.860 | 
POLARITY: Anode-to-Case is Standard. Cathode-to-Case Available ep EE LG 80 


Upon Request. 


CASE 119-01 
NOTE: DIA “QO” 5 PLACES 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, VF =1.5 V max @ 10 A for all types) 


Maximum 

Device 
: Clamping Minimum Zener Voltage Maximum Zener Voltage Maximum Typicat 
Operating Voltage Factor Pulse Width = 1.0 ms Reverse Current Capacitance 


(Note 1) _ Vz @ IZ (putse) 1R(max) C (typ) 


CF = 
Vop(PK) | VOP(RMS). Vz @izt VZ(min) @  '2T Vz(max) @ !Z(pulse)} @VR=Vop(pK) | @ VR = VopiPK) 
Type Vde Vrms (Note 2) Vde Vde Adc uAde uF 
14 10 5 


Nominal 


MPZ5-16A 


-16B 
32A 
-328 
-32C 
-1B0A 
-180B 
-180C 
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wey 


MPZ5-1 6 Series, MPZ5-32 Series, MPZ5-180 Series 


FIGURE 71 — MAXIMUM NON-REPETITIVE SURGE POWER 


(RECTANGULAR WAVEFORM) 
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FIGURE 2 — TYPICAL DYNAMIC ZENER 


VOLTAGE CHARACTERISTICS (Note 2) 
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PRECISION REFERENCE DIODES 


... designed, manufactured and tested for applications requir- 
ing a precision voltage reference with ultra-high stability of 
voltage with time and temperature change. 


Special test laboratory uses precision measurement equipment, 
four-terminal (Separate contacts for current and voltage) meas- 
urement techniques and voltage standards to provide caili- 
bration directly traceable to the National Bureau of Standards. 


Coli Test vata 


Every Precision Reference Diode is_ individually 
serialized and its test data recorded on a Certificate of 
Precision that accompanies the device when shipped. 
This data shows: 


@ Actual device voltage at 168 hour intervals 
during verification test 


@ Voltage stability throughout the entire 
1000 hour test period 


@ Certification of Precision 


@ All diodes are marked with the device type 
number and polarity band 


— MZ600 Series 


6.2 VOLTS 


PRECISION REFERENCE 


DIODES 
with 
CERTIFIED 
ZENER VOLTAGE-TIME 
STABILITY 


NOTES: 

1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 
LENGTH A. HEAT SLUGS, iF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
THE MIN LIMIT OF DIA B. 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


All JEDEC dimensions and notes apply 
CASE 51-02 
DO-204AA 
(DO-7) 


MZ600 Series 


OPERATING TEMPERATURE RANGE:* 25 to 100°C. 


MZ600 SERIES (Voltage 6.2V +5%, lz7=7.5 mAdct, AVzZ=2.5 mVdc**) 


Voltage-Time Stability 
(uV/1000 Hours) 


31 Maximum 

62 Maximum 
124 Maximum 
248 Maximum 


Parts Per Million Change 
(ppm/1000 Hours) 


DYNAMIC IMPEDANCE: 10 Ohms at tz7 = 7.5 mAdc, lac = 0.75 MA. 


NOTES 


tTEST CURRENT . 
For certification testing of time stability, Motorola main- 
tains lz7 constant and repeatable to +0.05 yA tolerance. 
For voitage tolerance, impedance and voitage temperature 
stability lz7 needs to be held to 0.01 tolerance only. 


“Maximum limits for use as a precision reference device. 
Limits are well below the maximum thermal limits. 
**VOLTAGE-TEMPERATURE STABILITY: Maximum allow- 
able voltage change between voitages recorded at 25, 75 
and 100°C ambient. 


VOLTAGE-TIME STABILITY 
(AV7/1000 Hours). 


The device voltage is read and recorded initially and at 168 


hour intervals through 1000 hours. The maximum change of 
voltage between readings, taken at any of the seven points, 
must be less than the maximum voltage change per 1000 
hour specified as Voltage-Time Stability. 


TURN-ON CHARACTERISTICS 


Precision Reference Diodes have been tested to determine 
the behavior of the device under interrupted power operation. 
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To insure specified performance, adequate time must be 
allowed for the device and its environment to reach thermal! 
equilibrium. “Warm-up” time may range from 8 to 24 hours. 
Thermal equilibrium is reached when the chamber is cycling 
at the required temperature with the device energized. 


After this ‘“‘warm-up” period, the device voltage will be 
between the minimum and the maximum voltage of those 
recorded at the seven points of the Voltage-Time Stability 
certification. 


MOUNTING 


Excellent results have been obtained by using a mechanical 
mounting. If necessary, the device may be soldered into a 
circuit using a heat sink between the heat source and the 
body of the diode. A low thermal EMF solder is 


’ recommended. 


SPECIAL NOTE 


Voltage tolerance less than 5.0% is available upon special 
request. 


Precision Reference Diodes capable of meeting special 
requirements for standard voltages regardless of required 
test current, temperature range, or test temperatures are 
available. Custom requirements of particular devices for 
specific applications are also available. 
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MZ600 Series 


FIGURE 1 — MAXIMUM VOLTAGE CHANGE, IN nV AND PPM, 
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FIGURE 2 — TYPICAL VOLTAGE CHANGE, IN nV AND PPM, 


DUE TO AMBIENT TEMPERATURE STABILITY 
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AT, AMBIENT TEMPERATURE STABILITY (°C) 


For verification of time stability 


VOLTAGE TEMPERATURE 


observed. 
STABILITY 


_fepeatable operation, the 
ambient temperature should be 


controlled to +0.1°C. 


and/or 


Figure 2 will assist in designs where 


ambient temperature cannot be 
controlled to better than 0.2°C 


deviation. 
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MZ2360 
MZ2361 


CONSTANT-VOLTAGE REFERENCE DIODES FOR 
LOW-VOLTAGE APPLICATIONS 


... high-conductance silicon diodes designed as a stable 
forward reference source for biasing transistor amplifiers and 


MOTOROLA 


FORWARD REFERENCE 
DIODES 


STABISTORS 


similar applications. 


© Guaranteed Forward Voltage Range 
@ Temperature Effects Provided 


MAXIMUM RATINGS 


DC Power Dissipation 
@ TL =30°C #3°C, 


Lead Length = 3/8” 


Operating and Storage Junction 
: Temperature Range 


| MECHANICAL CHARACTERISTICS 


CASE: Surmetic 
DIMENSIONS: See outline drawings 


| forward reference application. 
WEIGHT: 0.2 Gram (approximate) 
MOUNTING POSITIONS: Any 


MZ2361 


: CASE 51 


NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AND 


THE MIN LIMIT OF DIAB. - 

2. LEAD DIA NOT CONTROLLED IN ZONES F, TO ALLOW 
FOR FLASH, LEAD FINISH BUILDUP, AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


| LENGTH A. HEAT SLUGS, IF ANY, SHALL BE INCLUDED 
WITHIN THIS CYLINDER, BUT SHALL NOT BE SUBJECT TO 
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MZ2361 


CASE 51 
DO-204AA 


FINISH: All external surfaces are corrosion resistant and leads are MZ2360 
readily solderable and weldable CASE 59 
POLARITY: Cathode indicated by polarity band. Cathode negative for DO-41 


MZ2360 


CASE 59 
DO-41 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED 
WITH JEDEC DO-41 OUTLINE SHALL 
APPLY. 

2. POLARITY DENOTED BY CATHODE 
BAND. 

3. LEAD DIAMETER NOT CONTROLLED 
WITHIN “F” DIMENSION. 


MZ2360, MZ2361 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Forward Reference Reverse Leakage 
Voltage (1) Current (Max) 


VF 


Type Number Volts 
Min/Max 


(1) Motorola guarantees the forward reference voltage when measured at 90 seconds while maintaining the lead temperature (TL) at 
30°C +1°C, 3/8” from the diode body. 


TYPICAL FORWARD VOLTAGE CHARACTERISTICS 


FIGURE 1 — MZ2360 FIGURE 2 — MZ2361 


ig, FORWARD CURRENT (mA) 


Ve, FORWARD VOLTAGE (VOLTS) Ve, FORWARD VOLTAGE E (VOLTS) 


TYPICAL TEMPERATURE COEFICIENT 


FIGURE 3 — MZ2360 FIGURE 4 — .4M1.36FR5/MZ2361 
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P6KE6.8,A 


thru | a MOTOROLA 
P6KE200,A 


ZENER OVERVOLTAGE | 
TRANSIENT SUPPRESSORS 


ZENER OVERVOLTAGE TRANSIENT SUPPRESSOR 


The P6KE6.8 series is designed to protect voltage sensitive 
components from high voltage, high energy transients. They have 
excellent clamping capability, high surge capability, low zener 
impedance and fast response time. The P6KE6.8 series is supplied 
in Motorola’s exclusive, cost-effective, highly reliable surmetic axial 
leaded package and is ideally-suited for use in communication 
systems, numerical controls, process controls, medical equipment, 
business machines, power supplies and many other industrial/ 
consumer applications. 


6.8-200 VOLT 
600 WATT PEAK POWER 
5.0 WATTS STEADY STATE 


SPECIFICATION FEATURES 

@ Standard Zener Voltage Range — 6.8 to 200 V 
@ Peak Power — 600 Watts @ 1.0 ms 

@ Maximum Clamp Voltage @ Peak Pulse Current 
@ Low Leakage < 5.0 nA above 10 V 


@ Maximum Temperature Coefficient Specified 


MAXIMUM RATINGS 


Rating 


‘Peak Power Dissipation (1) 
@ Ti < 25°C 


Steady State Power Dissipation 
@ T, < 75°C, Lead Length = 3/8” 
Derated above Ty = 75°C 


Forward Surge Current (2) 
@ Ta = 25°C 


Operating and Storage Temperature Range Ty, Tstg -65 to +175 


Lead Temperature not less than 1/16” from the case for 10 seconds: 230°C 


MECHANICAL CHARACTERISTICS 


CASE: Void-free, transfer-molded, thermosetting plastic 
FINISH: All external surfaces are corrosion resistant and leads are readily solderable 
and weldable 
POLARITY: Cathode indicated by polarity band. When operated in zener mode, 
will be positive with respect to anode 


MOUNTING POSITION: Any 


NOTE: 
1. LEAD DIAMETER & FINISH NOT 
CONTROLLED WITHIN DIM “F”. 


STYLE 1: 


PIN 1. ANODE 
2. CATHODE 


oe Ese TAC 
A | ase t nad | oso {oo | 


NOTES: 1.Non-Repetitive Current Pulse per Figure 4 and Derated above 
Ta = 25°C per Figure 2. 
2. 1/2 Square Wave (or equivalent), PW = 8.3 ms, 
Duty Cycle = 4 Pulses per Minute maximum. 


«126.40 [51.75 | 1.000 [1.250 
CASE 17-02 
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P6KE6.8,A thru P6KE200,A 


ELECTRICAL CHARACTERISTIC (T, = 25°C unless otherwise noted) Vg = 3.5 V max, Ip** = 50 A for all types. 


kd i 
Breakdown Voltage Working Peak Maximum Maximum Maximum Reverse Maximum 


VBR | @ lt | Reverse Voltage | Reverse Leakage | Reverse Surge Voltage © Irnsm Temperature 
(Volts) (mA) VRWM ' @VrRwm Current I;gmt | (Clamping Voltage) | Coefficient of VgR 


Device | Min | Nom | Max _ (Volts) IR (uA) (Amps) Vrsm (Volts) (%/°C) 


P6KE6.8 5.50 1000 56 10.8 
P6KE6.8A ; 5.80 1000 57 10.5 
P6KE7.5 6.05 500 51 11.7 
P6KE7.5A : 6.40 500 53 11.3 
P6KE8.2 6.63 200 48 125 
P6KE8.2A 7.02 200 50 12.1 
P6KEQ9.1 7.37 50 44 13.8 
P6KE9.1A ; 7.78 50 45 13.4 
P6KE10 8.10 10 40 15.0 
P6KE10A ; 8.55 10 41 145 
P6KE11 8.92 5.0 37 16.2 
P6KE11A 9.40 5.0 38 15.6 
P6KE12 ; 9.72 5.0 35 17.3 
P6KE12A 10.2 5.0 36 16.7 
P6KE13 10.5 5.0 32 19.0 
P6KE13A 11.1 5.0 33 18.2 
P6KE15 124 5.0 27 22.0 
P6KE15A 12.8 5.0 28 F712 
P6KE16 12.9 5.0 26 Y = 235 
P6KE16A 13.6 5.0 27 225 
P6KE18 14.5 5.0 23 26.5 
P6KE18A 15.3 5.0 24 25.2 
P6KE20 16.2 5.0 21 29.1 
P6KE20A 17.1 5.0 22 27.7 
P6KE22 17.8 5.0 19 319 
P6KE22A oO | 18.8 5.0 20 30.6 
P6KE24 19.4 5.0 17 34.7 
P6KE24A 20.5 5.0 18 | 33.2 

| P6KE27 21.8 5.0 15 39.1 
P6KE27A 23.1 5.0 16 375 
P6KE30 24.3 5.0 14 435 
P6KE30A 25.6 5.0 14.4 41.4 
P6KE33 268 5.0 12.6 47.7 
P6KE33A 28.2 5.0 13.2 45.7 
P6KE36 29.1 5.0 11.6 52.0 
P6KE36A , 30.8 5.0 12 49 9 
P6KE39 31.6 5.0 10.6 56.4 
P6KE39A 33.3 5.0 tae 53.9 
P6KE43 34.8 5.0 9.6 619 
P6KE43A 36.8 5.0 10.1 | 59.3 
P6KE47 38.1 5.0 8.9 678 
P6KE47A : 40.2 5.0 9.3 648 
P6KE51 413 5.0 8.2 735 
P6KE51A 43.6 5.0 8.6 70.1 

j P6KE56 45.4 5.0 7.4 80.5 

| PEKES56A 47.8 «5.0 7.8 | 77.0 
P6KE62 | : 50.2 5.0 6.8 89.0 
P6KE62A 53.0 . 5.0 71 85.0 
P6KE68 55.1 5.0 6.1 98.0 
P6KE68A ; 58.1 50 6.5 920 
P6KE75 60.7 5.0 5.5 108.0 
P6KE75A 7 i 64.1 5.0 5.8 103.0 
P6KE82 66.4 5.0 5.1 118.0 
P6KE82A 70.1 5.0 5.3 113.0 

| P6KE91 | 73.7 5.0 4.8 131.0 


P6KE9S1A ‘ 77.8 5.0 4.8 125.0 
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P6KE6.8,A thru P6KE200,A 


ELECTRICAL CHARACTERISTICS (continued) 


| Breakdown Voltage ; 


Maximum Reverse 


bi Working Peak Maximum Maximum Maximum 
@ ly | Reverse Voltage | Reverse Leakage | Reverse Surge Voltage @ Insy Temperature 
(Volts) | (mA) | Vrawm @ Vawm Current Ipgyyt | (Clamping Voltage) | Coefficient of Var 
Device | Min | Nom} Max | (Volts) IR (uA) (Amps) Vrsn (Voits) | (%/°C) 


- 110.0 
105.0 
121.0 . 
116.0 


132.0 
126.0 | 
143.0 
137.0 


165.0 
158.0 
176.0 

~ 168.0 


187.0 
179.0 
198.0 
189.0 


220.0 
210.0 1.0 171.0 


P6KE100 | 90.0 100 
P6KE100A. | 95.0 100 | 
P6KE110 99.0 } 110 
P6KE110A | 105.0; 110 


| P6KE120 108.0] 120 
P6KE120A |114.0] 120 
P6KE130 117.01 130 
P6KE130A {124.0} 130 


P6KE150 135.0] 150 
P6KE150A | 143.0] 150 
P6KE160 144.0] 160 
P6KE160A {152.0} 160 


P6KE170 153.0] 170 
P6KE170A |162.0] 170 
P6KE180 162.0] 180 
P6KE180A |171.0; 180 | 


P6KE200 [180.0] 200 
P6KE200A |190.0| 200 | 


tSurge Current Waveform per Figure 4 and Derate per Figure 2. 
**1/2 Square or Equivalent Sine Wave, PW = 8.3 ms, Duty Cycte = 4 Pulses per Minute maximum, 
*VBR measured after I7 applied for 300 us, I7 = Square Wave Pulse or equivalent. 


FIGURE 1 — PULSE RATING CURVE . FIGURE 2 — PULSE DERATING CURVE 
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P6KE6.8,A thru P6KE200,A 


FIGURE 5 — STEADY STATE POWER DERATING 


Pp, STEADY STATE POWER DISSIPATION (WATTS) 
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Ti, LEAD TEMPERATURE (°C) 


APPLICATION NOTES 
SPECIAL DEVICES 


Matched sets and back-to-back configurations for 
bidirectional applications can be ordered upon special 
request. Contact your nearest Motorola representative. 


For a bidirectional device use a C or CA suffix (i.e. 
P6KE6.8CA). Electrical characteristics apply in both 
directions except for VF. 


RESPONSE TIME 


In most applications, the transient suppressor device 
is placed in parallel with the equipment or component 
to be protected. In this situation, there is a time delay 
associated with the capacitance of the device and an 
overshoot condition associated with the inductance of 
the device and the inductance of the connection method. 


TYPICAL PROTECTION CIRCUIT 


Vin (Transient) 


Ve 


tp = Time Delay Due to Capacitive Affect 


FIGURE A . 


The capactive affect is of minor importance in the parallel 
protection scheme because it only produces a time delay 
in the transition from the operating voltage to the clamp 
voltage as shown in Figure A. 

The inductive affects in the device are due to actual 
turn-on time (time required for the device to go from zero 
current to full current) and lead inductance. This induc- 
tive affect produces an overshoot in the voltage across 
the equipment or component being protected as shown 
in Figure B. Minimizing this overshoot is very important 
in the application, since the main purpose for adding 
a transient suppressor is to clamp voltage spikes. The 
P6KE6.8 series has very good response time, typically 
<1.0 ns and negligible inductance. However, external 
inductive affects could produce unacceptable overshoot. 
Proper circuit layout, minimum lead lengths and placing 
the suppressor device as close as possible to the equipment 
or components to be protected will 
overshoot. 

Some input impedance represented by Zjn is essential 
to prevent overstress of the protection device. This 
impedance should be as high as possible, without restrict- 
ing the circuit operation. 
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Vin (Transient) 


Overshoot Due to 
Inductive Affects 


FIGURE B 
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